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Experience is the best teacher. You 
might settle for any CB first time around. 
Understandably. A lot of people think 
they're all pretty much alike. But you'll 
soon discover that, like everything else, 
there are exceptions . 

Ask the pros. America's long distance 
truckers . These guys talk CB day in and 
day out. And they demand the best. 
That's why truckers refer to the Cobra 
29 as "The Diesel Mobile" 

Listen to Cobra. You'll hear a big 
difference. Because the Cobra 29 gives 
you features which assure crystal clear 
reception. Like switchable noise limiting 
and bla:nking, to cut out practically all 
pulse and ignition interference. Add 
squelch control and RF gain and you've 
got exceptional - adjustable-receiver 
clarity. Even in the heaviest CB traffic 
You also get Delta Tuning which makes 
up for the other guy, because even off
frequency transmitters are pulled in. 
Perfectly. 

Talk to Cobra. And you know you're 
punching through. One glance at the 

29's over-sized illuminated meter tells 
you just how much power you're punch
ing out and pulling in. For voice modula
tion the DynaMike delivers at 100%. 
Same way with power: The 29 transmits 
at maximum power levels . 

Sooner or later you'll get a Cobra. 
And you'll get engineering and crafts
manship second to none. Performance 
that will make your first CB seem 
obsolete. Reliability and durability that 
have set standards for the industry. 
Above all, you'll get power. The power 
to punch through loud and clear like 
nothing else. Because when it comes to 
CB radio, nothing punches through loud 
and clear hke a Cob~ 

(:96ra 

Punches through loud and clear. 

Cobra Communications, Products of Dynascan Corp. 
1801 W. Belle Plaine, Chicago, Illinois 60613 

CIRClE HO hi OH fRH IHfORMATION CIRO 

IF YOUR FIRST CB ISN'T A COBRA 

YOUR SECOND ONE WILL BE. 




Uncompromised stereo/quodriphony 

-Undeniably Shure. 


The new Shure M24H Cartridge offers audiophiles the best of both worlds: 
,, . 	It is the only cartridge on the market that does not compromise stereo repro

duction to add discrete quadriphonic capability. It eliminates the need to 
change cartridges every time you change record formats! This remarkable 

, 	 performance is achieved at only 1 to 1 Y2 grams tracking force-comparable 
to that of some of the most expensive conventional stereo cartridges. Other 
M24H features include the lowest effective stylus mass (0.39 mg) in quad
riphony, a hyperbolic stylus tip design, an exclusive "Dynetic~ X" exotic 
high-energy magnetic assembly, and a rising frequency response in the 
supersonic carrier band frequencies that is optimized for both stereo and 
quadriphonic re-creation. If you are considering adding CD-4 capability, but 
intend to continue playing your stereo library, this is the ONE cartridge 
for you. 
Shure Brothers Inc. 
222 Hartrey Ave., Evanston, IL 60204 H SHURE 

® 

In Canada: A. C. Simmonds & Sons Limi ted 

Manufacturers of high fidelity components, microphones, sound systems and related circuitry. 
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Famous Realistic® CB 


YOU GET ALL THESE 

QUALITY FEATURES 


v Full 23-channel coverage 

v Built-in noise limiter 

v Dual conversion receiver 

v Lighted channel selector 

v Modulation indicator light 

v Plug-in dynamic mike 

v Fits any vehicle or boat 

v Positive or negative ground 

v Complete mounting hardware 

Specifications 
Sensitivity for 10 dB S+ N/N: 0.5 µ.V 

Selectivity at - 6 dB: 6 kilohertz 

Adjacent Channe l Rejection: 50 dB 

Aud io Power: 3 watts maximum 

Power Requirement: 12 volts DC 


Reduced so you can easily afford to put more fun and safety into 
t raveling. Call ahead for road and weather information. Radio for help. 
Use it for business. Get one for your wife's car for extra protection and 
companionsh ip. Ceramic filtered IF circuitry for min imum interference. 
Silicon transistors for superior stabi I ity and reliability . 1112x5%x77/s'' 
small. And our lower price will help pay for your (Archer®) antenna. 
Real istic transceivers are sold and serviced on ly by Radio Shack 
leading the way in quality CB since 1960. Ask for 21-168. 

SOLD ONLY WHERE YOU SEE THIS SIGN : 

~: : oil"Jr=.~I 

\ " •· ~ ltad1e lhaeK 

A TANDY CORPORATION COMPANY 

Use Your Credit Card 4600 LOCATIONS• 50 STATES• 9 COUNTRIES at participating stores 
"At Participating Stores and Dealers. 

CIRCLE NO. 41 ON FREE INFOAllATIOM CARD 
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WHO KILLED TV PICTURE QUALITY? 

The Apri l 3 issue of TV Guide observed that U.S. ci tizens returning from Europe or 
Japan often " rave about beautifu l TV reception there . the vividness of colors and 
detail in the pictu re ..." Obviously, their system of TV must be better than ours. 
they conclude. Not so! The capabilities are essential ly the same . 

Whereas the European TV system employs a 625- line p ictu re linked wi th 50 Hz, 
Japan (and the U.S.) use a 525- line system in sync with 60 Hz . Then why is our TV 
video recep tion so poor compared to that in other countries? The inconclusive 
reasons include : Americans just don't care or won 't bother to adjust receivers 
properly, antenna systems and TV receivers are allowed to deteriorate, broadcasters 
are shortchang ing us by transmitt ing poor-quality video and co lor, and receiver 
manufacturers take design shortcuts that prevent recep tion of good , clean signals. 

There 's probably some truth in all the foregoing speculations. Certainly, there is 
no question that many TV broadcasts are poor. You can prove this by switching 
from channe l to channe l. observe di ffe rences between film source and tape source, 
etc . But things are getting better (slowly, very slowly) : 

• The " purp le p lague" ra rely touches the faces of TV performers nowadays. 
• Broadcasters at least have a transmitted reference of tint and colo r i ntensity 

with which to make adjustments or to acknowledge that their equipment is obsolete . 
• Broadcasters are also experi ment ing with " c ircular po larized " transmitting 

antennas, wh ich migh t el iminate " ghosts"' (a different outdoor receiving antenna 
design would be needed to take advantage of this). 

• Receiver manufacturers have introduced models with automatic color screen 
grid t racking (RCA) and automatic adjustment to the broadcaster's color/tint 
intensity reference (Genera l Electric). The latter is VIR. for vert ical i nterva l reference, 
but you cannot see it w ithout a decoder and it's not yet universa lly used. 

Surely these advances are welcome. But how come the other countries managed 
to produce substantially better color and black-and-w hite TV p ictures wi thout them ? 
Ignoring all the possible causes fo r our " picture-quality lag " except for the TV 
receiver itself, we know that U.S. vi deo recep ti on can be signif icantly improved at 
the consumer equipment end . 

Our technical editor. Les Solomon, for example, observed i n his August 1973 
" Test Scene" that most TV rece ivers are incapable o f even reproducing 262V2 lines, 
let alone close to our 525-line " standard ." What interlace there is in most receivers 
(trace on " odd" lines and retrace on "even" lines) is reprod uced as " pair ing ." That 
is , scanning lines of one field are positioned directly be hind the lines of the other 
field . The result is a TV picture lacking good detai l. 

Another video-quality degenerator is the absence of good , if any, de restoration . 
Instead o f being capable of shifting to deep black, the typ ical receiver can only go 
to " tattle- tale gray." The black leve l is simply lost because the de signal leve l. 
destroyed by capacitive coup ling, hasn't been restored. Sad ly, all it takes is a diode 
and a resisto r to do the job. 

Another improvement that is long overdue is provid ing an inexpensive audio 
output jack from the detector on a TV receiver. FM TV sound can go to 15 kHz . For 
the future, a video jack would be in order to handle TV electron ic games, computers 
and video tape decks. 

So the question is : in our free-enterprise system , why hasn ' t. some TV 
manufacturer scooped the competition and come out with a model that has full 
interlaced scann ing, proper de restorat ion, etc .? Be lieve me, the American public 
wou ld recognize a vastly superior TV picture and " latch on" to the un it. The hi-Ii 
component industry proved that we recogn ize and appreciate good qua lity! 

4 





Flexible 
alt:ernat:ive 

.,.... 
N 

:> 
O" 
"' 
w 
0 

., ~ 
u; ., 
::; 
>
"' 

2 
:r " 

CD 
0 
0 ..... 
N 

w 
<! 
(/) ., 
.r. 
I-

The 2700B can bring to your system the 
clarity & definition you have been look 
ing for. Wayward sounds (booming bass, 
missing highs, blaring horns, or stifled 
so lo s) are all put in their p lace with the 
SAE 2700B Ha lf-Octave Equalizer. The 
flexibility of 20 controls per channel 
only begins to tell t he story. Some facts: 

* 0.02% THO & IM 
* -1 OOdB S/N Ratio 
* Can drive any system 
*FR EE 5 YEAR Service Contract 
PLUS, long-throw oi l -damped slide pots 
for better accuracy, precision wound tor
oid inductors for low distortion & a pink 
noise generator for system balance. Buil t 
with SAE quality, the 2700B is value 
packed with the capability and perform· 
ance you need to control your system. 

PRICE: $550.00 (suggested list) 

I I _/'., 11---
Scienti f ic Audio Electron ics, In c. 

P.O. Box 60271, Terminal Annex 
Los Angeles, Ca lif. 90060 
Please send me more information on the 
SAE 27008 Hal f ·Octave Equali zer . 

NAME~----------~ 
ADDRESS~----------
CITY STATE __Z IP ___ 

CIRCLE ND. 4S ON FREE INFOR~TION CARD 
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Letters 


CBC RESPONDS TO QSL REPORTS 

As many of us know, the CBC (Canada) 
has cut back on SW programming and re
quires QSL-seekers to fill in their own in
formation . I can add that the CBC hasn 't 
weakened its grip on OSL"s for its MW sta
t ions. Such was the case when I reported 
receiv ing CMB Montreal last December 14 
at 1600 EST. I sent in my report , including 
my log and reception figures. and two 
months later received not on ly my QSL but 
a program for the schedule for the Quebec 
Commun ity Network (19 stations in the 
province anchored by CMB, wh ich pro
vides CBC coverage for Quebec). 
Charles E. Everetr. Sag Harbor. NY. 

ARTWORK PACKAGE BLUES 

With today 's techno logy, some projects 
are so complex that they would occupy too 
much magazine space if they were de
scribed comp letely . Needless to say , I un
derstand your problem in making available 
separately schematics and/or etch ing and 
dri lling guides. However, I must take ex
ception lo the artwork package I rece ived 
from M& R Enterprises for the " Pennywhis
t le Modem " (March 1976). The pc layouts 
were sloppily photocopied and of such low 
contrast that I would have to go over them 
with an inker before I could make work 
negatives from them . Also, the schematic 
that was claimed to be too large to fit on a 
POPULAR ELECTRONICS page (received 
from M&R on a single sheet) cou ld easily 
have been included in the publ ished article 
where space was wasted on a vague block 
diagram.-Oavid G. Potrer. Sacramento . 
CA. 

These guides were not meant to be origi
nal artwork to be used in making pc 
boards. Rather, they were meant as guides 
for readers who wish to make exposure 
masks using the IC pattern, donut, and 
tape method of making exposure masks. 
Also, given a cho ice between a schematic 
and the block diagram , we chose the dia 
gram as being more meaningful to most 
readers . 

ACCESSING VIDEO INPUT 

l"m planning to build the "Space-War 
Game" featured in the April 1976 issue of 
POPULAR ELECTRONICS. In reading Over the 
article, I note that reference is made to 
connecting the game's output to the video 

input of a TV receiver. Just how is this ac
complished? Also. how does one go about 
trimming fixed res istors R13 through R76? 
- Edward I. Williams , Peckvil/e, PA 

The first th ing to do is check the sche
matic diagram of your TV receiver to locare 
the connecrion between the video detector 
and video amplifier. Break this connecrion . 
Then connecr the video game berween the 
input of the video amp and ground. As for 
trimming the resistors , simply substitute 
res istor values ·as needed. 

WHY PONGTRONICS IS BETTER 

I was very intrigued by the " Pongtronics" 
tenn is game featured in the April 1976 
issue of PE. At the time I decided to build 
the project, I noticed that several other 
similar games became available com
pletely assembled for about the same 
price . What advantages, if any does 
Pongtronics otfer?-E.L. Cassell, Allen
town , PA 

Pongtron ics is actually four games (ten
nis . gravity pong. handball, and basketball) 
with 10 game-player combinations in. a 
single un it. Since it isn 't designed around a 
single LSI chip (like department-store 
games). it is more flexible , offering player 
ski ll controls , variable rebound, variable 
court size, adjustable paddle size. etc. 
Pongtronics can also be modified to permi t 
tennis doubles action. 

DANGER-LIVE WIRES 

Please rem ind readers that electric 
power l ines are not insulated , except for 
the lead-in from the transformer to the 
house. Two of my neighbors were killed 
when the antenna they were putting up 
touched a power line. I fear that this type of 
accident will become rather common un 
less CB and TV antenna sales people warn 
the install -it-yourself hobbyisl.-Steve 
McKay, Athens, AL 

THEFT PREVENTION EXPANDED 

Many thanks for " Theft Alarm for Hand
held Calculators" (March 1976). I found the 
circuits presented useful for deterring 
thefts of transistor radios , tape recorders . 
etc .. as wel l as keeping my ca lcu lator 
sate.-David Hayes. Gander, Newfound
land 

Out of Tune 

In " A Simple Logic Probe " (May, p 60) , 

the Parts List should show C1 as a 1000-pF 
disc capacitor: C2 and CJ as 1-µF, 25-V 
tantalum capacitors. The schematic is cor
rect. 

In " Solid State" (April, p 90) , pins 7 and 8 
of IC10 and IC11 , in Fig . 3, should be 
grounded. 
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One look inside proves it! 

The new Royce Wireless 

Module CB's are years

ahead of competition. 


Royce Electronics Corporation 
1746 Levee Road 

North Kansas City, Mo. 64116 
Call : (816) 842-7505 • Telex: 426-145 

·. 

Look, nG wires! 
Modular construction. With not 

one single wire on any module. 
And, no hand soldered connec

tions to vibrate loose. 
Plus the things you want and need 

-peak power, better reception, 
greater range. All in a rugged, vinyl
clad metal cabinet. 

And, automated module assembly 
at the factory-,- lus c-omputer tun

. .ing and testing- assures you of the 
highest q1rnlity ne .matter which 
Royce Wireless Model you choose, 

What does it 11 add up to? You 
know already. Greater reliability and 
performance in CB than you had 
ever dreamed possible! 

See all 6 Royce Wireless Module 
Mobile CB Transceivers at your 

Follow the new leader! 
CIRCLE "O. 41 OM FREE IMFORllATIOM CARO 

Royce dealer's soon! Write today for 
information on these models plus 
other innovative Royce CB's, anten· 
nas and accessories. · 

Royce Wireless Model 1-650-23 channel mo
bile CB has AmpHfied Automatic Gain Con
trol (AAGC) circuit to amplify weak signals. 
yet reduce nearby overload. Large. readable 
( l" X I") S/ RF meter. E?Cclusive IC audio stage 
for maximum clarity, power_3 ceramic fil. 
ters reduce channel interfere·nce. Dual con· 
version r(:ceiver + tuned RE stage pulls ill 
even weakest signals. Rugged metal (not 
plastic) RF output transj~tor. 

Royce Digital Wireless Model 1-660- 23 chan
nel mobile CB has digital readout dial system 
with bright L.E.D, numerals fur fas~ channel 
selection. Phase Lock Loop Tuning ados 
greater reliabiUty. ANL automatically mini
mizes noise. stattic. Pushbutton PA/ CB acti· 
vates powerful P.A., AAGC. 3 ceramjc filters. 
Exclusive IC audio stage for maxi m clarity. 





Yes, I'd like to hear more about the Altair 88008 and other Altair Computer Products, 
including your TIM EPAYMENT PLAN. 

Free 
Technical 

Information 
name PLEASE PRINT 

address 

city state ZIP 

Mail this card today for more details! 
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mail without 
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2450 Alamo S.E. Albuquerque, N.M. 87106 





New Products 

Additional information on new products 
covered in this section is available from 
the manufacturers. Eith er circle the item's 
code number on the Reader Service Card 
inside tire back cover or u;rile lo the mnn

11/acturer at the address given. 

B&K-PRECISION CB TEST INSTRUMENT 

The B&K-Precision Model 1040 is a new 
test instrument designed for fast . efficient 
servicing of CB equipment. It fea tures a 
peak-indicating r-f wattmeter , dummy 
load , audio signal generator. and audio 

wattmeter. When used with an oscillo
scope. stable r-f signal generator. and fre
quency counter. it becomes a complete CB 
service center. It tests r-f output power. AM 
and SSB modulation . and antenna SWR in 
the transmitter section . In the receiver sec
tion , it checks sensitivity (S/N ratio) . aud io 
output power and distortion , frequency re
sponse. age and squelch action. and 
adjacent-channel re jection. All tests can be 
performed without changes in the initial 
connect ions to the transceiver. $250. 
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FINNEY MOBILE FM SIGNAL BOOSTER 

The Finney Co . '' Stereo One" mobile FM 
signal booster is designed to help elimi
nate signal fade and flutter associated with 
weak-signal FM reception . It can be used 
with any AM/FM car receiver without intro
ducing adverse effects to normal recep
tion . The device is said to more than trip le 
the received signal leve l to provide clear 
FM reception in fringe signal areas. Even 
so , it is designed to avo id overloading the 
receiver in strong-signal areas. The two
piece Stereo One consists of an amplifier 
section that mounts close to the receiver 
and a small ON/ OFF control box that self 
mounts where it is easily accessible . 
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ADC REMOTE-CONTROL LOGIC TURNTABLE 

The Audio Dynamic Corp. has introduced a 
unique single-play turntable called the Ac
cutrac 4000. The direct-drive turntable 

marries a digital-logic memory bank with 
an infrared generator and detector built 
into its special phone cartridge. The user 
can thus program which bands of an LP 
will be played in whatever desired se
quence. Electronic controls include : au
tomatic reject. cue and repeat, 13 track 
selection pushbuttons and separate all
tracks button , and 33 1/3- and 45-rpm 
speed-selector buttons. A handheld 
remote-control transmitter and remote re
ceiver provide full track selection, reject. 
repeat, and cue control from a distance . 
Wow and flutter are reported to be less 
than 0.03% wrms. with DIN-weighted rum
ble down 70 dB. Tracking force range with 
the suppl ied cartridge is 3/4 to 1Y2 grams, 
and low-capaci tance wiring is used. Price 
is $499.95. which includes base and dust 
cover. 
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GBC HIGH-PERFORMANCE CCTV CAMERA 

The " Mini-Max" Model CTC-3000 from 
GBC Closed Circuit TV Corp . features 600 
lines of resolution : 10,000:1 automatic 
light compensation : adjustable white c lip ; 
and automatic voltage regu lation . The 
camera employs a Vidicon tube and fea
tures plug- in circu it module construction . 
The case is heavy die cast aluminum. The 
camera can be operated from 24- , 117-, and 
220-volt ac sources. When powered from a 
24-volt source. it allows instal lation with a 

single cable as far away as 2500' (762 m) 
without 11 7 volts ac being requ ired at the 
camera points. The camera includes a 
16-mm f/1.6 " C" mount lens. $199.50. 
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ROGERS ELECTRO-MATICS CB SWITCH 

The new solid-state " Killer" switching sy
stem from Rogers Electro-Matics permits 
hands-free operation of both AM/FM radio 
and CB transce iver in a car. The device can 
be actuated by an incoming CB call , which 
immediately switches the speaker(s) from 
the AM/FM radio to the CB rig. The mes
sage is then heard through the radio 's 
speakers . The Killer can also be activated 
when the CB mike button is pressed. A 
small time delay on drop-out prevents 
switching back ana forth between words 
and transmissions, while virtually no time 
delay on pull-in cuts off the first part of a 
message. The Killer is designed to operate 
with almost all types of two-way radio sys
tems. monitor receivers , scanners , etc. It is 
capable of controlling two speakers 
operating either monaurally or in stereo. 
Price is $49.95. 
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SIMPSON PORTABLE DIGITAL VOM 

The Model 360 Series 2 from Simpson is a 
31/2-decade DMM designed for both bench 
and field use. It can be operated on ac li ne 
power or its own internal batteries. The in
strument has 29 ranges for measuring ac 

rms and de voltage, ac and de current. and 
resistance . The 0.43" (11-mm) LED display 
automatically indicates polarity on de and 
flashes when an overrange condition 
ex ists. All ranges are overload protected . 
Two low-power-ohms ranges (200 mV 
maximum full-scale voltage) allow the user 
to make in-circuit tests w ithout biasing on 
most semiconductor ju nct ions. A zero
center analog meter movement is provided 
for peaking and nulling operations. Special 
analog output terminals are provided for 
connection to a graphic recorder. $257. 
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VERO INSTRUMENT CASES 

PVC-clad steel instrument cases are now 
available in five sizes from Vero Elec
tronics . Inc. The three widths currently 
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The 
problem 

solver 

The Crown DC-300A power ampli
fier is at least worth its weight in aspi
rin as a problem-solver for commercial 
sound installers. 

Crown rates the DC-300A at 155 
watts per channel RMS into 8 ohms 
(1Hz to 20KHz). Or 310 watts per chan
nel into 4 ohms.· Or 500 watts per 
channel into 2.5 ohms.• Or 600 watts in 
the mono mode into 8 ohms. You can 
drive a 70 volt line directly. 

Which solves the power problem. 
The DC-300A fr0nt end long ago 

set standards of low distortion and 
noise that have not yet been surpassed. 

Which solves th~ clarity problem. 
The Crown DC-300A will drive any 

speaker load - even totally reactive 
ones - with no spikes, thumps o r fly
bac! Each channel has separate con
trol 'ld c i rcuitry. It acts like two 
sep: ~ mono amps. 

nich goes a long way towards 
solvi1.\:l the design problem. 

The output protection circuitry 
pre..ents damage from shorts, mis
mc- 'led loads and overheating. Its 
pre n r8liability record is a little short 
of a . esome. 

Which solves a service problem. 
Price? Again , no problem . We still 

think the DC-300A always has been 
audio's best performance value. 

Do you have some special prob
lems on current bids? Call us at 
219/294-5571 . Ou r real- li fe prob
lem solvers might be able to help. 

' (Single channel operating ; sine wave 
!es t sig na l into resistive l oad; ex
tended operation or limi ted venti lation 
may requ ire forced air cooling to main
tai n levels described.) 

When listening 

(wJCrOWn 

Box 1000, Elkhart, IN 46514 

being offered are 1 S.9", 12.4", and 10.9" 
(40.4 , 31.S, and 27.7 cm) with depth and 
height of 8.7" and 6.2" (22.1 and 1S.7 cm) . 
The widest version is also avai lable in a 
12.4" depth and 4.5" height (32 x 11.4 cm) , 
while a second depth ol 12.1 " (30.7 cm) is 
offered for the 12.4'' wide case . The base 
and rear panels of the cases are louvered 
for ventilation . An anod ized front panel and 
al l mounting screws are supp lied with each 
case. Prices start at $17.43. Address : Vero 
Electron ics In c.. 171 Bridge Rd .. Haup
pauge, NY 11787. 
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JVC DELUXE AM/STEREO FM RECEIVER 

Bu ilt into JVC's Mode l JR-S300 stereo re
ceiver are direct-reading power output 
meters and an S.EA graphic equal izer. 

The SO-watt/channel (into 8 ohms) rece iver 
is rated at less than 0.3% THO at fu ll power. 
The equalize r section divides the musical 
spectrum into five frequency bands with 
12-dB boost or cut. The tuner section fea
tures linearly calibrated sca les on both AM 
and FM and a dual flywheel mechanism. 
IC's are used in the FM i-f. stereo FM de
coder. and AM sections . A dual-gate MOS
FET and three-gang tuning capacitor are 
used in the fron t end. FM usable sensitivi ty 
is stated at 1. 7 µV (10.97 dBf) . SO-dB quiet
ing sensitivity at 3.S µV mono, S/N at 70 dB 
mono , selec tivity at 60 dB, and capture 
rat io at 1.2 dB. $400. 
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CONTINENTAL SPECIALTIES DIGITAL PROBE 

The Continental Specialties Corp . Model 
LP-1 test p robe tests TTU DT L and MOS 
devices in circuit. The low-cost pocket
sized probe also employs a pulse detector, 
pulse stretche r. and memory circuit for 
max imum testing fl ex ibili ty . Power for lhe 
probe is obtained from th e ci rcu it under 
test simp ly by cl ipp ing its test leads to the 
positive and negative buses. A sli de swi tch 
Is then set to TTL/DTL or CMOS , depending 
on the logic family used in the circuit. If 
more than one logic fami ly is used . it is a 
simple matter to change switch positions 
as needed . A second switch allows selec
tion of ei ther the PULSE or MEM mode. 
Separate HI , LO , and PULSE LED's ind icate 
the logic state at any given point in the 
circuit to which the probe poinl is touched . 
High input impedanee virtually eliminates 
'loading problems in any circuit under test. 
$44.95. 
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MURA INTRODUCES THREE MIKES FOR CB 

Mura Corp. has introduced three new CB 
microphones that feature a ci rcuit de
signed to prevent voice-signal clipping and 
allow maximum modulated output power 
from limi ted-level amplifiers. The Peak
Redistribution Modulation (PRM) circuits 
used in the mikes are said to offer a fully 
modulated voltage gain of up to 16 dB for 
an average 4-dB increase in effective r-f 
transce iver output power. The mobile 
Model PRX-100 ($39.9S) and base-station 
Model PRX-300 ($69.9S) mikes provide an 
infin itely variable slide-type gain control, 
while the mobile Model PRX-200 offers a 
sw itch-se lectable choice of 12. 14. or 16dB 
of gain. All three mikes have push-to-talk 
switches (the Model PRX-300 also has a 
lock ing bar for hands-free operation) and 
are supplied with cords that can be wired 
for relay or electronic switching . 

CI RCLE HO. 95 ON FREE INFORMATION CIRO 

CELESTION SPEAKER SYSTEMS 

Three new speaker systems made by Celes
tion (England) and available in the U.S. 
f rom Rocelco Inc. offer a choice of per
formance and power-handling capacity . 
The tall . sli m Model UL 10 Data three-way 
system can handle SO watts of continuous 
rms sine-wave power (100 watts peak 
music power) and has a frequency re
sponse of 70 to 20,000 Hz :<: 3 dB. The 
Model UL8 Data two-way speaker system is 
rated at 2S watts continuous rms power (SO 
watts peak) and has a frequency response 
of 70 to 20.000 Hz ::t: 3 dB. The Compact 
Model UL6 Data two-way system 's power
handling capacity is 20 watts continuous 
rms (40 watts peak) and frequency re
sponse is 80 to 20,000 Hz :<: 3.S dB. 
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MOTOROLA CB TRANSCEIVERS 

Motoro la 's new line ot MOCAT CB trans
ce ivers includes four under-dash models. 
The basic Model 2000 rig offers a phase
locked loop synthesizer for maxim um on
frequency operation rel iability; FET front 
end ; plug- in microphone with built-in 

ampl ifier ; top-facing speaker; large illumi
nated S/r- f meter; external PA and speaker 
capabi lity ; automatic noise limiter ; and au
tomatic gain control. The Model 200S in
clu des the forego ing plus a no ise blanker. 
The Model 2010 adds an LED digital chan
nel display with dimmer to Model 2000 fea
tures . The top-of-the-l ine Model 2020 has 
both Extender blanker and dig ital display. 
Prices range from $17S to $22S. 
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Motorola CB is here! 
Introducing Mocat-The CB radio once on all channels. out and dimmer. 
backed by Motorola's 40 years 
experience in professional radio 
communications. Great looks. 
Great performance. Everything 
you'd expect from a radio built by 
Motorola. Yet it comes at a very 
affordable price. 

Designed and engineered in the 
USA Mocat is a 100% solid-state 
Motorola CB radio with the very 
latest in technological advances. 
and exciting features. 

Motorola CB means reliability. 
A digital phase lock loop synthe
sizer assures on-frequency perform-

Motorola CB means quality 
reception. Automatic gain control. 
cross modulation rejection circuit 
and optional "Extende(' noise 
blanker circuit g ive Mocat superior 
receiver performance. 

Motorola CB means power. All 
models feature a rugged plug-in 
mike with built-in amplifier for maxi
mum transmit signal strength. 

Motorola CB means good 
looks. Contemporary styling across 
the line. Selected models offer easy 
channel identification with high
intensity L.E.D. digital channel read-

Motorola CB also means high 
performance and attractively 
styled antennas and accessories. 

Motorola CB is the biggest news 
and greatest value in personal 
communications today. Mocat 
from Motorola. Now is the time to 
own a Motorola CB.For complete 
details, write us at Motorola. Inc .. 
Dept. CB-700. 1301 East Algonquin 
Road. Schaumburg. IL 60172.. 

NIOTOROLA 
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New Literature 

PRINTED CIRCUIT ROTARY SWITCHES 

An 8-page brochure from Oak Industries 
describes its fam ily of rotary printed circuit 
switches . A chart illustrates the 17 
categories of conventional rotary switches 
available with term inations. Diagrams and 
pictures of Oak's line of pc and pcb 
switches are also shown includ ing 12- and 
24-position models. Also covered is a 
technique for attaching conductor cable to 
rotary switches, and advantages such as 
compactness and elimination of harnes
sing a{e cut\ined. Address : Switch Divi
sion , Oak Industries, Inc. Crystal Lake. IL 
60014. 

ABOUT COMBINERS 

" About Combiners," a new 20-page book
let from Decibel Products , describes , in de
tai l. various types of tra nsm itter and re
ce iver combiners. The text. written for 
those engaged in two-way radio communi-

A P made the first solder
less breadboard way back in 
1968, and we still make them best. 

cations . but who are not engineers, in
cludes a nontechnical presentation of dif
ferent methods of combining a number of 
duplex or repeater and/or simplex systems 
on th e same antenna. Address : Decibel 
Products, Inc. Box 47128, Dallas, TX 75247. 

VHF EQUIPMENT CATALOG 

Hamtronics · new catalog highlights vhf 
preamplifiers and FM communications 
subsystems for amateur and monitor ap
plications. Included in the catalog are a vhf 
preamp , a uh! grounded-gate preamp for 
the 400-500-MHz region (both available in 
kit or w ired form) , a uhf converter, a vhf 
receiver and a uhf/vhf model (all in ki t 
form) . Address : Hamtronics, Inc .. 182 Bel
mont Road , Rochester , NY 14612. 

SEMICONDUCTOR REPLACEMENT SUPPLEMENT 

GTE Sylvania announces i ts ECG 
Semiconductor Replacement Guide Sup
plement No. 1 (ECG 212F-1) . Designed as a 
quick reference for technicians. engineers 
and hobbyists, the 18-page booklet in
cludes substitute components for transis
to rs, gate-controlled switches and inte
grated circuits for communications , audio , 
television and industrial applications. The 
booklet contains a product index. device 
specif ications. package line drawings and 
dimensions, pin designations and a com
ponent cross-reference. A list of errata to 

Solderless plug-in t ie points, 

Replacement Catalog ECG212F is in
cluded, as well as a list of additions and 
deletions which ref lect changes in the Syl
van ia ECG semicondu~tor line. Available 
for 35 cents from the GTE Sylvania Adver
tisi ng Services Center, 70 Empire Dr., West 
Seneca. NY 14224. 

SCAN CONVERTER TRANSCEIVER 

Robot Research , Inc. offers complete liter
ature on its Model 300 Scan Converter 
Transceiver. Used in conjunction with any 
black-and-wh ite monitor (or commercial 
TV receiver) , this $995 converter can 
transmit pictures anywhere by telephone. 
Pictures have 256-l ine reso lution. An entire 
image can be transmitted full-frame in 34 
seconds or half-frame in 17 seconds . Ad
dress : Robot Research , Inc., 7591 Convoy 
Ct. , San Diego, CA 92111 . 

CONTROL KNOBS CATALOG 

Radia l Controls offers a 16-page catalog 
il lustrating its line of control knobs . Cov
ered are low-profile knobs of uniform 
height, as well as calibrated , spinner. 
pointer and bar knobs. All are available in 
round, skirted , wing and concentric Styles. 
Custom designs and optional indexing 
marks are also described . The catalog illus
trates each knob and provides dimensional 
data. Address : Rad ial Controls , 2555 East 
55th Pl ., Indianapolis. IN 46220. 

ground plane and binding posts. 

Ordo r ACE Tie DIP No. No. Board Size 
No. Model No. Points Capacity Buses. Posi t (inc hes) Dty. Tola I 

923333 200. K (kll) 728 8 (16"• ) 4.9/ 16.:5-9/ 16 $18.95 
923332 208 {HHm .) 872 8 (16"•) 4°9/16xS.9/16 28.95 
923334 201-K (kit) 1032 12 (14'1) 4-9/16•7 24.95 

923331 21 2 (auom.) 1224 12 (14"1) 4·9 / Hix7 34.95 
923326 218 (atHm.) 1760 18 (14"1) 10 6-1 / 2x7-1 /8 46.95 
923325 2:27 Cassem.} 27 12 27 (14'•) 28 81.9-1/4 59 .95 
923324 236 (assem.) 3648 36 (14'1) 36 4 10-1/419-114 79 .95 

Total for merchandise 

Sales Tax (OH and CA) 
Shipping (see table) 

Credi! Card Number 0 ;~c'l~~:J M.O. T_O_T_A_L_e:N_CLOSE_D_._______, 

Because our experience taught us to avoid the pit
falls that can mean circuit errors . We do it by paying 
attention to details. Like using non-corrosive nickel
silver in our frankly superior term inals. And like 
using a vinyl -i nsulated back that prevents short 
ci rcuiting . That 's why you can count on the reliability 
of our solderless boards when you specify A PACE 
All Circuit Evaluator Boards, Super Stripsn• , Ter
minal and Distribution Strips. ~~umbc-rs_A_b-ov_e_N-am_e_(_M_C_)_G_ood T-hr4 N-~- _ _ _ u 

n - -----,,,.,,--n-at,...ur"'"e_____
5 9 

Pilnl Name 

8Charge BAC Shipping/Handling
Charge MC Up to 510.00 $1.00

D Send catalog 10.01 to 25.00 1.50 
25.01 to 50.00 2 .00 
so .0 1 to 100.00 2.so 
100.01 to 200.00 3.00 

Ord ers 
subiect to 

acceptance 
al faclory. 

AP PRODUCTS INCORPORATED Address Company PO's FOB Painesville 
No COD orde rs 

Box 110-H Painesville, OH 44077 (2161354·2101 TWX : 810·425·2250 Slate Zip DEALER INQUIRIES INVJTED. 
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Three different Only NRI gives 

schools give you you this 20~" 
this 20~" hobby designed-for

kit Color TV••• learnin Color TV••• 

No other home training 
school gives you both an ex
clusive solid state color 1V 
and an SQ® Quadra 
phonic Receiver complete 
with four speakers ... all in 
one course. You get both for 
hundreds of dollars less than 
the combined tuition cost of 
1V and Audio courses at 
another school. And only 
NRI's Master Course in Color 
1VI Audio servicing lets you 
train on equipment specifi 
cally designed for training with 
exclusive ''power-on'' features . 

NRI doesn't give you hobby 
kits or commercial sub-assem 
blies. We invested the time 
and money to design equip
ment with learning in mind. 

It's the only way you can (1) 

get the feel of typical com 

mercial circuitry, (2) learn 

bench techniques while build 

ing complete units from the 

"ground" up, (3) perform 

over 35 " in -set" exper

iments during con 

struction , and (4) 

end up with a 25 " 

diagonal solid-state 

color 1V with console 

cabinet and a 4 -chan 

nel quadraphonic 

Audio Center. 


NRI passes the 
savings on to you 

NRI can save you money 
because our engineering 
eliminates the cost of buying 
from an outside source. We 
pay no salesman's commis
sion . Students are enrolled 
by mail only. The savings are 
passed on to you in the form 
of low tuition fees , extras like 
the lVs console cabinet and 
the four speaker Quadraphonic 
System; a 5" triggered sweep 

oscilloscope, CMOS digital 
frequency counter, and an 
integrated circuit color 1V pat 
tern generator. Where NRI 
supplies a professional color 

pattern generator, most 
other schools use a 1V 

set with a built in align 
ment generator of no use for 
servicing other sets. Only NRI 
designs , engineers, and sup 
plies training kits specifically for 
learning and professional use. 
You can pay hundreds of dol 
lars more for a similar course 
and not get a nickel 's worth 
more in training and equipment. 

Trademark of CBS, Inc. 
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RUSH THIS POSTAGE-PAID CARD 
FOR YOUR FREE CATALOG. 

NO SALESMAN WILL CALL. 

NEWFOR '76! 

*New 4-channel 
quadraphonic receiver 
complete with speakers 
.. . for audio training.

* New 400 Channel 
2-Meter VHF transceiver 
and power supply.* New Memory Expansion 
Kit for digital computer. 

FIND OUT WHY TV/AUDIO 
PROS CHOOSE NRI 2 TO 1.* 

Documen ted nationrll survey 

Nam e (Please P r1n1) Age 

Sti eet 

State 1- 07 6 
Accredited by the National Home Study Counci l 

D 

D 


D 

D 


D 

D 

D 
D 

CHECK ONE 

TV I Audio Servic ing 
Choose lrom 5 courses 
Communications with CB 
Comple te Communications 
Electrorncs•FCC Licenses 
· Aircra l t Etectronics •Mobile 
Commun1cations•Marine 
Electronics 
Amateur Radio Basic and 
Advanced Courses 
Industr ial & Business 
Elec tronics Digi tal 
Computer Elect ron ics 
·Elec tronic Technology 
·Basic Elect ronics·Math 
for Electronics 
Appliance Servicing 
Homeowner & Professional 
Repairs 

Automotive Mecnanics 
Master Automotive 
Technician·Tune-Up and 
Basic Repairs 
Auto Ai r 
Conditioning 
Air Condi tioning & 
Refrigeration Basic Air 
Condi tioning Servicing 
•Master Course in A ir 
Condit1on1ng. Refrigeration 
& Heating 

APPROVED FOR CAREER 
TRAINING UNDER GI BILL 
D CHECK FOR FACTS 



FIRST CLASS 

PERMIT 


NO. 20-R 

WASHINGTON , D.C. 


BUSINESS REPLY MAIL 
No postage necessary if ma iled in the United States 

Postage will be paid by 

NRI Schools 
McGraw-Hill Continuing Education Center 
3939 Wisconsin Avenue 
Washington , D.C. 20016 



hands -on training . . . 
and fully professional 

More know-how per dollar 
That's what it all boils down 
to, the quality of training you 
get for the money you spend. 
In our 62-year history , more 
than a million students have 
come to NRI and we're fully 
approved for career study 
under the G.I. Bill. We must 
be teaching something right. 
Some of those "right" things 
are bite-size lessons to ease 
understanding and speed 
learning ... personal consul 
tation , and prompt grading 
of all tests ... a full-time staff 
of engineer /instructors to help 
if you need it . . . plenty of kits 
and experiments to give you 

...plus complete 

Quadraphonic 

Audio Center! 


programs oriented to full 
or part-time career needs . 

Widest Choice of Courses 
with Communications, 

NRI offers not one, but five 
excellent TV I Audio servicing 
courses so you can tailor 
your train ing to your budget. 

Or you can study other 
opportunity fields like Digital 
Computer Electronics, Citi 
zens Band Radio, Commu

nications , 
Aircraft or 
Marine Elec
tronics , 
Mobile Ra
dio , and 
more. Send 

for our free. cata 
log and see for yourself 
that no one gives you 
more training and equip

ment for your dollar. There's 
no obligation, and no sales
man will call. 

If card is missing, write to: 

NRI NRI SCHOOLS 
McGraw-Hill Continuing 

• r ~ Education Center J J 3939 Wisconsin Avenue, ltn j washington. o.c. 20016 

JULY 1976 

CB, Digital 
Computer, and 
other careers. 
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Stereo Scene 


PERFECTING PHONO 

F ROM all indications. the prin
clpal program source for most 

hi-fi listeners is still the phonograph 
record . This is sensible . because 
phono discs continue to offer the 
(potentially) best signal-to-noise ratio 
of any consumer-available recording 
medium . But it is also nonsensical 
because the motional stability of most 
record-playing systems ranges from 
poor to abominable . By this . I don' t 
mean to say that turntables suffer 
excessively from wow and flutter . On 
the contrary , most of them are 
excellent in this respect. I do mean 
that the typical cartridge/tonearm/ 
turntable/ record combination is 
troubled by what might be termed 
wow and flutter , and worse . 

The Insidious Jiggle. In an ideal 
record-p laying system , on ly two 
things move : the turntable platter, 
which spins the record al a uniform 
rate , and the phono stylus , which gets 
buffeted around by the record groove 
in a (hopefully) musical way . In a real 
record-playing system . everyth ing 
moves. The turntable base shudders 
with the seismic impact of traffic 
passing outside and other stimuli . The 
motorboard , even if it is well isolated 
from the base by spring mounts and 
dampers, sings the tune of the motor's 
vibrational rate as well as the acoustic 
feed back from the loudspeakers. And 
the tone arm , under the influence ot all 
these inputs, plus the warps and 
wrigg les of the record , does a dance 
all its own. Usually you can observe 
this dance by watching the stylus 
closely as it plays a record . The 
bobbing around that it does has 
nothing to do w ith information in the 
record groove: it's a sign that the tone 
arm is moving grossly relative to the 
stylus tip , which it should not do. 

This insidious jigg le has three 
effects . First , it generates within the 
cartridge infrasonic output signals of 
very high intensity. These are of 

By Ralph Hodges 

course boosted by the RIAA equaliza
tion in the phono preampl ifier. posing 
a serious threat of distortion or 
overdrive to subsequent stages and 
transducers. Second , the j iggle 
" modulates" the recorded informa
tion on the record . Third , it reduces 
the cartridge/ record-groove align
ment to comp lete ambiguity . Up to a 
few years ago this was probably a 
re latively minor side effect, but with 
modern sty lus sl1apes there is mount
ing evidence that alignment is a cause 
for greater concern than heretofore . 

The infrasonic signals are obvious 
enough on an oscilloscope. Often they 
even show up on the output-level 
meters of amplifiers equipped with 
them. The amount of trouble they 
cause depends heavi ly on the charac
teristics of the ind ividual system , but 
in any case they are a persuasive 
argument for the use of sharp in
frasonic cutoff fi lters in phono 
preamplifiers- features that are still 
all too rare in currently available 
equipment. 

The " modulation" problem is, in my 
view , at least as serious if not more so . 
Figure 1 shows the right-channel 
frequency response of a high-qua lity 
record player . as measured with the 
sweep bands on the CBS STR 130 test 
record . The cyclical variations in the 
curve correspond to the 33 1/J- rpm 
rotation rate of the record . The 
variations turned out to be symptoms 
of a slight amount of p lay in the 
tonearm 's bearings-a condition that 

had deve loped of its own accord over 
a period of about eighteen months of 
comp letely normal use. It's difficult to 
describe what this condition sounded 
like without resorting to words like 
" nervous " or " subtly fuzzy and indis
tinct. " But it had, in any case, reduced 
the performance of a highly refined 
phono cartridge and an acclaimed 
tonearm to bewildering mediocrity. A 
few minutes ' work on the bearings 
improved matters dramatical ly. How
ever. the point is that, although this 
problem was attributable to an actual 
fault in the tonearm , it illustrates what 
can happen even with properly func
tioning cartridges and arms when they 
are not well suited to one another. 

In the view of most authorities. 
phono cartridges will gracefully toler
ate rather large errors in alignment 
when they are installed in the tonearm . 
In fact . the measured amounts of 
distortion caused by serious lateral or 
vertical tracking-angle misalignments 
seem pretty moderate compared with 
some of the other distortion
producing mechanisms involved in 
record playing . Nevertheless, many 
peop le are finding that a carefu l job of 
cartridge alignment amply repays the 
effort. Th is seems to be particularly 
true with CD-4 sty li that. instead of 
making a two-point contact with the 
record groove, attempt to achieve line 
contacts that extend from (almost) the 
bottoms to the tops of the groove 
walls . Obv ious ly, if the groove is to be 
properly traced , the contact lines must 
be reasonably parallel to the contours 
of the groove. In other words , the rake 
angle of the stylus must be properly 
adjusted. 

In working with various CD-4 car
tridges , I have found that alterations in 
rake angle are frequently quite audible 
and alsd usually measurable in terms 
of their effect on high-frequency 
response. There seem to be other 
effects as well. which will be discus
sed in detail a little later. Unfortunate
ly , if the tonearm is imposing exces
sive gyrations on the stylus in re
sponse to warps and other record 
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What's new in 

4·channel? 


Sansui is. 

Sansui is already the leading name in advanced 

high performance 4-channel sound reproduction and 
technology. And only with Sansui's exclusive QS vario 
matrix system can you enjoy the full potential of quad
raphonic sound. But there is still a lways somethinglnewlin 
the Sansui world of 4-channel . 

Now every Sansul 4-channel receiver and 
the new QSD-1 decoder from Sansui incorporate 
the unique QS vario matrix circuitry. Now you 
can synthesize brilliantly clear 4-channel 
from any mono or stereo source to create a 
4-channel library in a moment. Any 
4-channel matrix source material , QS- or SQ

ity performance. Available in the same series are the 
QRX-6001 1 , at less than S760.00 ,* and the QRX-5001 2, at 
less than $600.00,* with many of the same outstanding 
features. 

Sansui'slnewlQSD-1 is the most exciting and ef
fective decoder available today. Its QS vario matrix 
allows for very high inter-channel separation, as high as 
20dB between adjacent channels and 30dB across the 
diagonally opposite channels , without any of the annoy
ing side effects found in other decoders. 

• •• -
encoded records, tapes and broadcasts, can be 
effectively decoded by any of Sansui's remarkable 
QRX receivers. These receivers also incorporate circuitry 
to demodulate CD-4. 

All 4-channel Sansui receivers command excel
lent cost-to-performance ratios. The QRX-7001 1, at less 
than $880.00,* delivers a full 35 watts per channel, min. 
RMS, a ll channels driven into 8 ohms, from 20Hz to 20kHz 
with no more than 0.4% total harmonic distortion. Every 
design element of this outstanding receiver lives up to 
Sansui's reputation for advanced high quality high fidel-

Quadraphonic sound is al l around you. More 
than 70 FM stations now broadcast in the QS 4-channel 
way 24 hours a day. Hundreds of quadraphonic en
coded records have been released - rock , classical, 
jazz, country, and "beautiful " music. 

Stop in soon at your nearest Sansui franchised 
dealer to hear what Sansui 4-channel equipment can 
do. Whatever your preference, surround or hall, what
ever your needs - synthesize, decode, or demodulate 
- Sansui 4-channel can do it all - and do it best. 

QRX-5001 QRX-7001 
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undulations , the rake angle won 't 
have any fixed value. Instead . it will 
change radically as the stylus can
tilever squashes down and springs 
back up. The unappetizing prospect is 
that of a system in which record warps 
··modulate '" the playback signal with 
tracing errors! Usually th is is heard as 
an unsteadiness in the noise (tape 
hiss. for example) tha t ex ists on many 
records and which should have a very 
smooth and uniform character . Usu
ally it is a bit too subtle to be identif ied 
readily in the musical information , 
although its presence tends to cause 
in the listener a vague feeling that all is 
not quite right. 

Arm-Cartridge Resonance. The 
first step to take to avoid tonearm 
misbehavior is to ad just the arm's 
effective mass so that it interacts w ith 
the stylus compliance and produces a 
resonant frequency somewhat above 
10 Hz but below 20 Hz. This range of 
frequencies is below that of the 
recorded information and above that 
of most warps and record-surface 
irregularities. Thus the arm-cartridge 
combination , with no stimu lus to set it 
off . will theoretically behave in a very 
stable manner. 

There are a few commercially 
available record players designed to 
meet this criterion , and hearing them 
at their best can be a genuine 
revelation . Unfortunately , however. 
this ideal condition is almost never 
achieved by accident. It must be 
designed into the arm and cartridge in 
anticipation of their being used to
gether. Most top-quality cartridges are 
so compliant (and most tonearms so 
massy) that the resonance falls con
siderably below 10 Hz. where record 
warps can drive the system crazy . 

Human nature being what it is , it's 
unlikely that many people w ill start 
selecting cartridges sole ly on the 
basis of how well they suit thei r 
tonearms' effective mass (although 
this may be a very logical way to as
semble a high-performance system) . 

Instead . audiophiles are resorting to 
such stratagems as arm modifications 
to reduce effective mass and , recently , 
to tonearm damping . 

A few tonearms , most ly of English 
origin , are designed with damped 
pivots . Others can have damping 
added , the usual procedure being to 
attach a " paddle " to the arm that dips 
down into a reservoir of some suitably 
viscous fluid. There is every reason to 
believe that dampi ng can help with 
problem record players , but the 
amount must be worked out empirical
ly. too much being as bad in its way 
as too li ttle . It is also of limited or 
doubtful effectiveness with certain 
specific tonearm problems , such as 
the sloppy bearings of Figure 1, or 
tonearm resonances that extend up 
into the aud ible range. Spectrum 
analyses made on some tonearms 
have shown significant resonant con
tributions extending well past 1000 
Hz. The effects of these resonances 
(when audib le) run the gamut from a 
muddying of the sound to an increase 
in the system noise level. Moreover, 
they are exceedingly difficult to pin 
down without the assis tan ce of a good 
spectrum analyzer . 

Flex Mounting. Before getting into 
the comp li cat ions of arm damping 
(which indeed may be necessary to 
coax the system into performing at its 
peak) . it's worthwhile to experiment 
with some simpler ways of null ifying 
the tonearm 's troubles. To beg in with, 
instal ling the cartridge with nylon 
mounting hardware will reduce the 
coupling between cartridge and arm 
and a lso usually bring about a 
reduction in overa ll mass. This ap
proach can be carried a step further 
with the use of adhesive foam . 

This foam , which comes in rolls 
about an inch wide by a little under Vs 
inch thick with a strong adhesive on 
both sides. can be used to mount the 
cartridge in the arm without screws . If 
the cartridge requires standoffs for 
proper alignment the foam can be 

bui lt up layer by layer until the correct 
height is reached . What this type of 
" flex mounting " buys you is not the 
ideal method of installing a cartridge 
(in fact , it may introduce significant 
problems of its own) , but it is the 
beginning of a test bed with which you 
can evalua te the effects of the 
tonearm on the reproduced sound . 

For example , Fig . 2 shows the 
response of a cartridge so insta lled in 
the troub led tonearm of Figure 1. Note 
that the comp liance of the foam 
introduced a serious resonant condi
tion at about 200 Hz, which could 
read ily be heard . However, in many 
other respects the performance of the 
system was audibly improved . The 
effects of the faulty bearings were 
reduced substantial ly . so that the 
treble re-acquired some of its former 
clarity and detail. Subjectively , the 
noise level also went down. On the 
basis of this . it seemed reasonable to 
diagnose tone-arm difficulties as the 
source of the record player's prob
lems. and curative efforts could then 
be concentrated in that area. 

Alignment. Aside from serving as a 
useful diagnostic tool , the adhesive 
foam can also assist in fine-tuning the 
alignment of a cartridge. The proce
dure is to re-install the cartridge 
mounting screws after the cartridge 
has been flex mounted, but to use the 
screws only to adjust the side-to-side 
and fore-to-aft ti lt of the cartridge. The 
foam 's resilience enables this to be 
done very precisely . With most car
tridges, tightening both screws will tilt 
the front of the cartridge up (ap
proaching a positive rake angle) , while 
tighten ing the screws individually will 
alter the stylus azimuth . 

So far , with alignment-sensitive 
cartridges. I haven 't been able to work 
out any hard-and-fast rules for these 
adjustments. Generally , I set azimuth 
by eye, making sure that the front of 
the cartridge is vertical to the record 
surface , and set the rake angle by ear. 
The ear adjustment is really not as 
difficult as it might seem at first.As the 
screws are tightened in gradual 
increments, it 's usually possible to 
hear changes in the character of the 
record no ise. When the optimum 
setting is approached, the noise will 
begin to become quite clear and 
distinct, as will any high-frequency 

FREQUENCY (Hz) recorded material such as the over
tones of cymba ls. As a ru le, when this 
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Electronic 

Merchandise Cabinets 

Mallory-Richco Faslening Devices 

With a line like this, no wonder 

your Mallory distributor is a yes man. 


He almost never has to say no. Which adds up to a lot of 

single-source buying convenience for you. 


Give your Mallory distributor a call. You'll like what you hear. 

You'll like what he delivers. 


MALLORY D I STRIBUTOR PROD U CTS COMPANY 
n ci l vi sion of P.H. '.\t.·\ LL()R Y & C'O. I~ C. 


Oox 128·1. t n.d l ru1opo li s . lndlnnn ~ 1 6 200 ; Tt.•l c• phnn~ ; :117-856 · :17:3 1 


.J!) Registered tradema rk ot P A. Ma llory & Co Inc 
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The best way to judge the new the wow and flutter remain below 
Pioneer PL-510 turntable is to 0.03%.You can't get performance like 
pretend it costs about S 1 ( )() 1nore. that with idler drive or even belt drive. 
Then see fo1 ours If if ifs worth that The PL-510 is truly the inaudible 
kind of 1non y. co1nponent a turntable should be. 

Fi1 st. note th Vibrations 
preci ion-1nachined V are damped out d $200* 
lookandfeelof rOrUD er ' bythePL-SlOs 
the PL-510. h double-floating 

The 1nassive. you Call llOW0Wll t e suspens10n. 
die-cast. aJuini- The base floats d. d . PL 51 jO

num-alloy platter 1rect- rive - _u • on rubber 
giv s an i1n1nediate insulators 
impression or quality. The trobe inside the four feet. And the turntable 
n1arks on the rin1 tell you that you chas is floats on springs suspended 
don·t ha\ e to worry about perfect frmn the top panel of the base. Stylus 
accuracy of speed at either :i:~ 11~ or hopping and tone arm skittering 
· 1-5 HPJ\.'I. b come virtually impossible. 

But if all this won't persuade you 
to bu a high-priced turntable even 
without the high price. Pioneer has 
lh ree other new 1nodels for even less. 

The PL-1170 for under SI75~ 
~ --.. ThePL-llSDfor 

under s12s: And 
the ainazing 
PL-1120 for 
under $100: 

The S-shaped tone arm i 1nade None of these 
lik a scientific in trwnent and eerns has a rumble 
to have practically no rnass when. ou level above -50 dB 
lift it ol'f the arm re t. The controls at'e (JIS). l\one of tbe1n has n1ore wow 
a sensuous delight to touch and are and flutter than 0.07%. 
functionaJly grouped for one-handed So it see1T1 that Pioneer has also 
operation. conquered the one big problem of 

But the mo t expensive featu re of low-priced turntables. 
the PL-.)1() i hidden under the The low perfonnance. 
platter. Direct drive. \\'"ith a bru hi s U.S. Pioneer Electionics Corp .. 
DC servo-controlled rnotor. Th same I.) Oxford Orive.1\!loonachie, 
as in the costliest turnta1 I . New Jersey ( )/ ( )/4. 

Thats wh the rurnbl =- level is 
down to -60 dB b the super ®PIONEER 
stringent JIS standard. And that's why Anyone can h ar the difference. 

*For informationa l ptLrposcs only. Th' actual rcsalt• pric ·swill be set by the individual Pioneer dealer at his option. 
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alth ough some of my correspondents 
go to much greater lengths, optimiz
ing the rake angle fo r every record 
they p lay. 

Ul ti mately, after go ing through this 
procedure (provided your cartri dge is 
one of those that benefits from it) , you 
wi ll have a good idea o f how the 
cart ridge shou ld be ali gned when you 
remove the foam and re-install it in the 
conventional way. Or. as sometimes 
happens , you may find the flex mount 
has no dele terious effects on system 

perfo rmance. in wh ich case you can 
retai n it . 

Maintenance. Even with a reco rd 
player that has been carefully aligned 
and damped as necessary , there may 
be a tendency for performance to go 
downhi ll over a period of time. The 
usual reason for th is is, again , that 
someth ing is movi ng that shouldn ' t. 
Check the ca rtri dge shell to see that it 
is securely fixed to the body of the 
arm . Th en grasp the shel l and tug on it 

handiC 

Swedish-designed quality


in cb accessories, too! 

1) 	FS · 1 17 Universal Tester - If s a power mete1, SWR. a 

modulation meter . a crystal con<111ton tes1er. and a lone lreQ·y 
plus :27MHz signal genera lor! Checks entire CB band 

2) SWR Bridge - Measures Held s1renglh & SWR Eou1pped w1111 
Special Whip Antenna ror checking SW con!111tons uo 10 1 3 on 5'0 
Oh meanie 

3) SP - 1 ln/ine Watt Meter - Mon1tor so1.11pu1power & SWA tor 
top CB perlormance! 0 ·200W power range. 3· l50MHz lrCQ. 
range Dual scale. 

41 L0 -707 DC Converter -Convc11s6V 10 12V (DC 100CJ 
for use wdh all transceivers Compact Rugged 

5) N : l 2- SA A C Adapter - Converls 100VAC 10 12VDC 12 Amp! 
Has variable control . elec tronic fuse & volt meter 

6) HN/H M T Handset Telephone - Handsel telephone & holde' 
w 11 h sw11ch-over 1elay & cables FOi all hand ic mobile & base 
un11s 

7 ) ''Powerpaclf '' Sleeve - Exclusive. oortable power supply with 
s1ab1r1zer Converts h a nd 1c portables to mobile or base. 
connects d11cclly to 12VOC -ifs A Ballery Recharger . 1001 

8) BK- 305 ''Powerpack '' - Portable power supply . Converts 
h an d •C · s 3-Ch mobile & 006 Mm1-Scanner inlo portables• 
Uses no1mal dry cells or rechargeable ba t!'ys. 

9) Connectors - Modern design, space saving, qualtly products 
!or lasting connections Use with cables. chassis & panel mounls. 
antennas. c lc. 

10) Ba ttery ''10· Pack" - Load into an h '\ nd 1t Por'lables and 
converted mobiles. Features 10 N ickel Cadmium batleries. 
rechargeable more than 1000 times 

11) Speaker/Microphone - Use w1lh ha n d ic 4·Ch. & 6-Ch 
portables that convert lor mobile & base use. 

12) External Speaker - A w1de1ange speaker design useful ror 
cars. boats & indoors 

13) Crystals- 0.003'\. freq'y loleranco 211, 11mes beller lhan FCC 
f'~i~~~regu1a11ons! Assuie high quality trouble- tree performance. 

14) Antennas - S1a1e-ol-the-art oesign - 8 for partables: 

6 for mobiles including molor· drivcn re11aclables: 2 marine 


lypes. and 2 base mOde ls. Noise suppressor kits also available 


Hand 1c; CB fadios inctudc motullllbase trance1vers. hand·hald personal 
"Ot1dbltt CB sys rems , scanners ''"'"' FM radio op/ion. antennas. 
m1c;1opnones. so1cct1vo c<11/. aftrl a full tme ot acce.ssonos 
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a bit to see if any play is detectable 
th roughout the arm mechanism. Any 
fee ling of looseness is suspect , al
though there are some arms that are 
designed w ith loose bearings and 
seem to perform very well none· 
theless . It is here that d iag nos is gets 
tr icky. 

The great majority of tonea rms have 
cone-type bearings that fit into ball 
races or finely mach ined sockets. 
Typ ical ly the cones are threaded , with 
a sc rewdriver slot at the ir rear; a 
lock ing nut ho lds the assemb ly in 
place . These are areas of potentia l 
wear , the effects of which can even 
differ with different cartridges. It's a 
good idea to ask the manufacturer 
how to ad just these beari ngs and to 
obta in from him whatever tools are 
used for the operation . One such too l 
is o ften a sma ll spanner that engages 
the locking nut and has a hole through 
its cen ter to accommodate a screw
d river for the cone. The spanner is an 
absolu te necess ity for worki ng on this 
kind of bearing . since the cone and 
locking nut must be set simu ltaneous
ly. 

With proper adjustment and 
maintenance a good record player ca n 
attain a dazz ling level of performance. 
Wi thout it , there is little hope o f its 
equaling the capabil i ties of a 
medi um-priced cassette deck. As 
cartridges become more re fi ned , it's 
l ikel y that the demands on the 
tonearm and turntable will become 
more critical and comp lex . However, 
attention to the above considerations 
w ill take you a long way toward the 
best utilizat ion of ex isting cartridges 
as we know them today . ~ 

..Holl' o/Jout 1/1(1/ l 
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At TEAC, our funda
mental mandate for any 
new product is performance 
and reliability. First and finally. 
Qualities that are measurable in terms 
of mechanical stability and inherent 
design integTity. 

These are essentials. Because our technological 
resources established the cassette deck as a true high 
fidelity component. So we demand that a new product 
possess that measure of TEAC quality. 

And that's what distinguishes the A-170. Compare it with 
other inexpensive cassette decks with Dolby, please. Just call 
(800) 447-4700* for the name of your nearest TEAC retailer. A-170 
We think you'll agTee it's a value you can rely on. 

*In Illinois, call (800) 322-4400. 

TEAC performance 
cand relicabilily ••• 
howcan you really afford anything less? 

TEAC® 
The leade1·. Always has been. TEA.C orpurntiun of Aml:tiL'a/77a:i Tt:k•j..'T:tph Road, ;\ lonlA'bl·llu, C'n. 90U-10 rt? T E:Af l97;; 

Dolby is a l 1"adema rk of Dolby Lo.honttori , lnc. 
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Have a problern or question on circuitry, compo
nents. parts availability. etc .' Send it to the 
Hobby Scene Editor. POPULAR ELECTRONICS. 
One Park Ave., New York, NY 10016. Though all 
letters can't be answered individually. those with 
wide interest will be published. 

By John McVeigh 

NEW MllCROCOMPUTER TERM 
Q. I've recently come across the 
term " MPU " in mini- and microcom
puter contexts. What does it mean? 

-Paul Mottola , Scranton . PA 
A. MPU stand s for Micro-Processing 
Unit. and is synonymous with the older 
term. CPU (Centra l Processing Unit). 
They both contain key computer ele
ments . such as accumu lators. ar ith
metic logic units. 1/0 buffers. address 
drivers. rr.L:ltiplexers . timing and con 
tro l. and instruction registers . 

SAWTOOTH GENERATOR 
Q. Do you have a circuit for a iow
frequency sawtooth generator that 
can be used as an external scope 
sweep generator? 

-John Blasing. Cincinnati. OH 
A. The circuit shown will generate 

HEP FOOIO 
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sawteeth over a 0. 1-to-1 00-Hz range . 
Use a 5-volt supply (V 1•• " ) and a linear 
taper 1-meg pot. 

AUDIO INITIALS 

Q. The owner's manual of my stereo 
amplifier refers to the initials DIN, 
RIAA, NAB and /HF. What do they 
mean? 

-Hugh Banton. Windsor Locks. CT 
A. They al l refer lo organizations that 
l1ave set up certain standards as a 
gauge of amplifier, preamplifier , and 

turntable performance. DIN stands for 
Deutscher lndustrie Normenaus
schuss . a group of German manufac
turers simi lar to our Electronics In
dustry Association or Institute o f High 
Fidelity (or IHF) . RIAA means the 
Record Industry Associat ion of 
America . while NAB stands for the Na
tiona l Association of Broadcasters. 

NON POLAR ELECTROLYTICS 

Q. I need large non-polarized cou
pling capacitors for de and ac cir
cuits. Can electrolytics and shunting 
diodes be used? 

- David R. Curott , Florence , AL 
A. Yes, they can . Extremely large cou
p li ng capacitors can be fabr icated in 
th is manner. especia lly usefu l for in 
strumentation amplifiers. I've used 
th is method in building an EKG 

,...------- v.a ----~ 
Cl C2 

·o~I ·~ I ~· I o· 

preamp and had no problems. When 
V , 11 is negative. 01 shorts out C1. 02 is 
open and C2 acts as the coupling 
capacitor. When V_,1t goes positive. 02 
shorts and protects C2, 01 is open and 
C1 passes the signal. For best results , 
tantalum capaci tors shou ld be used. 

No te tha t the equivalent capacitance 
equals C1 or C2 . not their series com
bination . 

CURRENT LIMITING RESISTOR 
Q. I want to use my 6-volt cassette 
player in my car, which has a 12-volt 
system. If I use a zener diode to drop 
the supply to 6 volts , what size resistor 
do I need for current limiting? 

- Stewart Labus, Amarillo , TX 
A. The accompanying sketch shows 
the common way of connecting a 
zener voltage regulator . Resistor R 
limits the curre nt through the zener 

r_,
:;: ... iv,.. 

R 

+ 

Rl ILOAOI v,. ~~ DI Your 

V,

under all load conditions to a safe val
ue. To determine the value of R, find 
the voltage across the resistor: V" = 

11 - V,,, 11 • Then determine the 
maximum current demand of the load 
(1 1 ) from specs or wi th an ammeter. 
The minimum rated power dissipation 
of the diode will be P1 = V,,,,, ...._ I, . The 
value of the resistor w il l then be R = 

V,/11 = (V;,, - V,,111 )/11 . Its power rating 
wi ll be P,, = 11 x Vil , or V1/ /R. 

INFANT ALERT 

Q. Here at an orphanage we need a 
sound-activated alarm so that the 
night nurse can tell at her desk when 
one of the children wakes and starts 
crying. Do you have a circuit that will 
ligh t an appropriate LED and enable a 
beeper when this happens? 

- Robert Wong . Aruba . N. Antilles 
A. The circui t shown will work for you. 
When the infant starts to cry, the crys 
tal mike (an inexpensive tape-recorder 
type) tr·iggers the output o f the op 
amp. which in turn activates the SCR. 
The SCR wi ll cause the LED for that 

room to light . and enable the common 
beeper. When the nurse sees to the 
child 's needs . she will push S2 and cut 
off the SCR and transistor 02. The 
leads from the rooms to the LED's and 
diodes can be any convenient length . 
Any medium-power (1 watt or so) npn 
trans istor is su itable for 02. Note that 
separate op amps (any general 
purpose type) . SC R's. etc .. are needed 
for each location . Total cost can be 
reduced by using quad op amps. 
When the chi ld is awake. S1 shou ld be 
left open to eliminate false triggering . 

CRYS TAL 
MIKE 
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HJl11J1l1lill MODEL 283-$170 

... you'll want it for its features 

... but it's the price that will sell you! 

• 	 High intensity LED display is easily read from 
at least 6 feet in the brightest room. 

• 	 Measures AC and DC voltage, AC and DC 
current and resistance. 

• 	 0.5% DC accuracy. 
• 	 100% overrange (1000 scale reads to 1999). 
• 	 Automatic polarity. 
• 	 Automatic decimal point. 
• 	 Flashing overrange indication on display. 
• 	 Four voltage ranges to 1 OOOV 
• 	 Four current ranges to 1000mA. 
• 	 Six resistance ranges to 10 meg. 
• 	 In-circuit resistance measurements at voltage 

levels below conduction threshold of 
semiconductors. 

• 	 Overload protection on all ranges. 

Complete new circuitry makes the Model 283 the 
most dependable and versatile 31/2 digit 
multimeter you can buy. The extra-bright display 
allows you to use it where other units would 
cause reading problems. The selectable ·· 1ow 
ohms·· function permits accurate measurement 
of semiconductor shunted resistors. 

An optional . internal battery pack (BP-83. 
$50.00) provides 8 hours of continuous use on 
one overnight charging and charges when 
the Model 283 is in use on 115/230VAC. 

Thoughtful , convenience features like a side 
carrying handle, tilt stand and detachable line 
cord add to its usefulness. 

Your B&K-PRECISION distributor has them in 
stock and will be glad to demonstrate its features 
to you . Call him, or write for additional 
information. 

PRODUCTS OF DYNASCAN 

6460 W. Cortland Avenue 
Chicago. IL 60635 312/889-8870 

In Canada: Atlas Electronics. Toronto 

CIRCLE HO. 12 OH FREE INFORIAAllON CARD
JULY 1976 



HIGHLIGHTS 


Teaching Computers To Speak English 

Th e trouble with compu ters is tha t operators must 
learn to think like computer and communicate in 
their language. Professor David Waltz of the Unjver
ity of Illinois at rbana- hampaj gn wants things the 

other way around. for the comp uter to think and Listen 
to instructions Like a h uman. The professor is for
mulating an intelligent program that will accept 
que1ies in conven tional · ngli sh to allow a nontechni
cal user to talk to. ra ther th an program, compu ters . 
The completion of the natura l-language program will 
be particularly helpful to indi\rid uals with Limi ted 
computer ski lls. Most important, man and machine 
will be speaki ng the same language, 7 nglish. 

FCC Clobbers TV Game Makers 

Nine violation notices have been issu d by the 
Federal Communications Commi sion to companie 
marketi ng electronic TV device that allegedly disre
gard Commi sion regulations. The home TV game 
rud not have an approved Class 1 TV device. nece ary 
when video games are connec ted rurectly Lo a TV re
ceiver's antenna terrninals. Such a TV game cannot be 
advertised, annou nced or sold befor being tested and 
approved by the • C. All nine companies cit d repli ed 
to the FCC withi n the d adb ne of 15 days , staling that 
none of the TV games had been sh ipped and would 
not be shipped unti l official Commission approval is 
obtained. The Commi sion plans to issue more viola
tion notices in the near futw·e. 

Pioneer Sets Guinness Record 

In a nonstop marathon of playing records for almost 
12 days (284.5 hours), Pioneer beat the previous r 
cord of 268 hours estabUshed in orway, ranking it a 
feat that belongs in the "Gui nness Book of Records," 
Royal Afr Force Seru01· Aircraftsman Mike Buckley 
worked toward the new record with two PL-12D 
turntables. In all , more than 5690 single-ruse changes 
were required be tween the two turntables during the 
record-breaking pe1iod. 

Amateur Radio Changes 

Code-The FCC is deleting pan of Section 97.29(c) of 
the Commission ru les concerning the s tandard an 
Amate ur raruo Li cens e mu st meet in reception and 
transmission of international orse Code. The Rules 
curren tly req wre the licen ee to transmit and receive 
one fu ll mfoute of code, free of omissions and other 
e1Tors, at the prescribed speed dming a five-minute 
testing pe1iod. Believing thi to be und uly resnicti ve, 
the FCC i planning to use one or more alternative test 
methods. One of them i a multiple choice exam ina
tion cove1ing a five-minute transmission of plrun text. 

Such a tes t would reUeve the applicant of copying one 
mi n ute of mixed text without en or, yet wo uld provide 
an a curate gauge of competency ·in reception of code 
message content. 
tudy Guide - The F C i releasing new study 

guides for amateur radio operaror bcense examina
tion . The are in the form of a syllabus that ouilines 
the va rious ca tegories of question · from which the 
exam are de ised and in lude sample ques tions rep
resentative of those appeaiing in the exams. T he new 
guides ha e been reorganjzed to redu ce the possibility 
of an indjvjdual acqui 1ing a ham License simply by 
m morizing the answer to specific questions. Addi
tionally, the gu.ides have been designed to permit 
mu h greater fl exibili ty in the selec tion of exan1 ques
tions. Thi fl xibi li ty will allow more freq uent revision 
of amateur examinations and , therefore , resul t in a 
more equitable exam program for all train ees. 

Two Electronics Pioneers Die 
On Janua1 16, 1976, Dr. Hide tsugu Yagi ru ed at th 
age of 89 in Tokyo, Japan. Dr. Yagi was the inventor of 
the Yagi array antenna commonly used in vhf and hf 
radio and TV comm unication. 

n April 4, Swedish born and Yale ed uca ted Dr. 
Harry yquist rued at the age of 87. Dr. Nyqujst rus
covered a set of conditions to keep feedback circujts 
stable. The "Nyq uist Criterion" is used to study elec
tron ic device and to examine human reac tions, such 
as driver re ponses to condi tions wh ile stee1ing a car. 

FCC Holds Off CB Expansion 

The · ed ral Communications Commission has de
cided not Lo take immediate action on expanrun g the 
num ber of lass D CB raruo channels on 27 MHz. 
Seems that there i a serious question of interference 
to CB operators on existing 23 cha nnels. Th FCC 
ajd th at tighter specification would be needed before 

there will be any approval of expansion. 

Number of "E" Graduates Down For 1975 

The engineering graduating Jass for the year encti ng 
June 1975 was the mall es t in the last seven yea.rs, 
according to data compiled by the Engin ee1i ng Man
power omms i n of the Engineers Joint Council. 
Among engineering sp cial ti es. elecnical engineer
ing had the largest number of gradua tes at all degree 
levels- 14,537-followed by civil engineering with 
11 ,237. As parate engineerin g categol)', comp uters, 
produced 1384 degrees. Women and minmities are 
showing rapid growth in engineering. Women earned 
more than 2% and minorities more than 7% of the 
1975 bachelor's degrees. A s urvey of 2-year technol
ogy schools, thou gh no t including man y smaller 
schools, revealed 4805 associa te degrees in electronics 
and 1541 in computers for the year ending J une 1975. 
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• Power Supplies • Oscilloscopes • Frequency Counters 
• VTVM's and VOM's •Ham Radio Gear• Color TV's 
• Hi-Fi Components• Electronic Clocks• Electronics Learning Programs 
•Auto, Fishing, Marine and Aircraft Accessories - over 400 kits in all! 

Every Heathkit product comes with a fully

ill ustrated, step-by-step assembly manual that $milul•f4i.i§ Heath Company, De~t. 10-19 
~ HEATH ~-----------, 
te lls you everything you need to know to make ·-·· "" ••• ••- Benton Harbor, M1ch1gan 49022 I 
kitbuilding fun and easy. Thousands of people 
have discovered the satisfaction -and sav
ings -of handcraft ing a fine piece of electronic I NAME I 
equipment. You can buil d it better.. . let us 
show you how. I ADDRESS I 
Send for your FREE Catalog today! ~ I I 
Heath Company, Dept. 10-19, Benton Harbor, Michigan 49022 lL g~~O .JSTATE ZIP! 
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the NEW 

Sabre 
l. ) 

... featuring phase-lock loop 
circuitry (PLL) and LED digital 

-
9 

readout. For complete speci
fications write ... 

laboratories, inc. 
LACONIA, N. H. 03246 
(603) 524-5454 
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r>UILD 
BY ROBERT M. MARSH 

AND LEE FELSENSTEIN 

An Intelligent 

ComputerTerminal 

Based on an 8080 MPV, this hobbyist's 
computer terminal can compete with 
most commercial units 
JULY 1976 

T HERE are essentially two types 
of video computer terminals in 

common use. The " dumb" terminal
little more than a " glass Teletype " 
is a simple data transmitter/receiver 
whose only stand-alone function is its 
use as a TV typewriter. The " intelli
gent" (also known as " smart " ) termi
nal , on the other hand, offers powerful 
stand-alone features . Bu ilt around a 
soph isticated microprocessor, intelli
gent terminals allow you to write, 
store, and edit programs for transmis
sion to a computer or a hard-copy de
vice. It also provides very powerful 
word processing at relatively low cost. 

The SOL video terminal project pre
sented here is one of the most ad

vanced of intell igent terminals. It can 
interface w ith any mini- or microcom
puter via its bu ilt-in RS-232 or 20-mA 
cu rrent-loop interfaces. in either serial 
or parallel format. It can also tie into a 
t ime-sharing computer via a tele
phone line and a modem (such as the 
Pennywh istle described in the March 
1976 issue of POPULAR ELECTRON
ICS). In fact, it is even possible for two 
SOL terminals to communicate with 
each other w ithou t human supervi
sion . 

The key to SOL's versatility is its in
tegral 8080 microprocessor (µP) chip. 
The µP operates on instructions 
stored in PROM 's (programmable 
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IC69 DATA DATA I/D..--.:;;...::;.;:....____.....;_....___~-------.,.----.--EXPANSIONIC66-IC97
808D PROCESSORCONTROLMICRO

PROCESSOR 
SUPPORT 

</>I 
PARALLEL 

DATA 

14.3MHz 

IC38-IC41 
CLOCK 

KEY80ARDGENERATOR 
PORT 

DATA IN 

IC62-IC61 
RAM 

+ 

IC48 - IC5 1, IC54 
SERIAL PORT 

IC52, IC53, IC57 
BAUD RATE 
GENERATOR 

BAUD RATE 
SWITCH 

IC42 - IC47 
VIDEO 

DISPLAY 
INTERFACE 

ICl-IC36 
VIDEO 

DISPLAY 
GE NERATOR 

TO 
VIDEO 
MONITOR 

Fig. 1. Tenninal accepts datafl'om keyboard, pamllel p01t, and RS-282 or 20-mA serial po1i. 
Output is 1 volt p-p for conventi01Utl TV req'Ufrements. Memm·y can be externally expanded to 65 k. 

Cl-10-pF disc capacitor 
C2. Cll, C21, C22-0.00l-µF disc 

capacitor 
CJ, C7, CIS, Cl6, C17, Cl8, C20. C27 

through C63-0. J-µF disc capacitor 
C4, CS-680-pF mica capacitor monolithic 
C6-I. 5-µF , 25-volt ceramic capacitor 
CS, CJ3-l-µF, 35-volt dipped tantalum 

capacitor 
C9, CI0-15-µF, 20-volt dipped tantalum 

capacitor 
Cl2-0.0l-µF disc capacitor 
C 14, C23-680-pF disc capacitor 
C 19-100-µF , 16-volt upright aluminum 

electrolytic capacitor 
C24-0. l-µF Mylar tubular capacitor 
C25-0.00J-µF Mylar tubular capacitor 
C26-0.01-µF Mylar tubular capacitor 
DI, 02, 04 through D9-IN4148 diode 
03-5. 1-volt , I-watt zener diode 

(I N 5231 B or similar) 
ICI , IC8, ICll, IC12, IC23, IC39, IC73, 

IC74-74LS175N quad latch IC 
IC2, IC79-74LS20N dual 4-input NAND 

gate IC 
IC3-74LS86N quad exclusive-OR gate IC 
IC4, IC42, IC45, IC47, IC71 , IC72. IC94 

-74LS02N quad 2-input NOR gate IC 
ICS, IC51-7406N open-collector hex in

verter IC 
IC6-DC4049AE CMOS hex inverter IC 
IC7, ICl4, IC25, IC26, IC53. IC-7

74LS 161 or 74LS 163 4-bit synchronou s 
counter IC 

IC9-6575 MOS character generator IC 
IC I0-74166N 8-bit parallel-in shift regis

ter IC 
ICl3. IC24-CD4029AE 4-bit up/down 

counter IC 
IC15-74Ll61, 74L163, or 93Ll6 4-bit 

synchronous counter IC (do not substi
tute) 

IC 16, IC93-74LS ION triple 3-input 
NANO gate IC 

IC17-CD4001AE CMOS quad 2-input 
NOR gate IC 

IC18 through IC21, IC29 through IC32
21LOl-1 or 91L02APC MOS 1024-bit 
RAM IC 

IC22 , IC33.1C40, IC46, IC66, IC67 , IC68, 
1C75, IC80, IC81 , IC82-8T97 hex tri
state buffer IC 

IC27, IC48, IC78, IC95-74LS 109N dual 
J K nip-flop IC 

PARTS LIST 

IC28, IC50, IC89, IC96-74LS04N hex in
verter IC 

IC34, IC35. IC36-74LS J 57N quad 
2-input data selector IC 

IC37-74HOON high-speed quad 2-input 
NANO gate IC (do not substitute) 

IC38-74S04N Schottky hex inverter IC 
(do not substitute) 

IC41- MH0026P MOS clock driver IC 
IC43, IC87, IC90-74LS74N dual D flip

flop IC 
IC44, IC83, IC86-74LSOON quad 2-input 

NANDgate IC 
IC49, 1C88-74LS08N quad 2-input AND 

gate IC 
IC52-CD4046A E CMOS phase-locked 

loop IC 
IC54-TRl602B, AY-5-1013, or Sl883 

UART IC 
IC55. IC56-74173N quad tristate latch IC 
IC58 through IC61-21LO I or 9JLOIPC 

256 x 4 MOS RAM IC 
IC62. IC63 , IC64, IC65-S5204A or 

MM5204Q 512 x 8 MOS erasable 
PROM IC (optional; write to address 
below for details) 

IC69-8080, 8080A. or 9080A micro
processor IC 

IC70, IC77 , IC84, IC91-74LS253N dual 
4-input tristate data selector IC 

IC76-DM8836N quad 2-input NOR gate 
IC 

IC85, IC92-74LS 155 dual 2- to-4 line de
coder IC 

JI-Right-angle PC mount (AM P206584-1 
or DB25S) 

QI. Q2, Q3-2N2907 transistor 
The following resistors are \4-watt , 10% 

tolerance: 
RI , R2-330 ohms 
R3 , R9, R JO. R2 I, R23 through R30, RS0
10,000 ohms 
R4, R5, R6, Rl4 through R20, R22, R3 I 

through R35, R37 , R39, R41. R43 , R45, 
R46, R48, R52, R56, R57 , R58. R65, 
R72, R73, R74, R76, R77. R78. R79, 
R82. R83 , R84. R89 through R98. R 100, 
RIOl- 1500 ohms 

R7, R8-47 ohms 
R36, R67, R68 , R99-4700 ohms 
R38. R40, R42, R47, R49 , R53. R55-2200 

ohms 
R44, R60. RSl -3300 ohm 
R50. R54. R64 , R87-IOO ohms 

R5 l- 200 ohms 
R59. R63-33 ,000 ohm 
R61 , R62, R66-IOOO ohms 
R69-15,000 ohms 
R70, R71 , RI 13-100,000 ohms 
R75 , R88-3.3 megohms 
R85-75 ohms 
RI03 , RI05, RI07. RI09, RIJO, Rll I, 

RI 12-8200 ohms 
RI06, RIOS-39.000 ohms 
RI I, Rl2, Rl3-IOO-ohm I-watt. 10% col

erance resi tor 
R86-330-ohm. ~-watt. 10% tolerance re

sistor 
R 102, R104-50,000-ohm trimmer poten

tiometer (Bourns No . 3352-1-503 or 
similar) 

SI through S4-Four-position dual in-line 
switch 

SS-Momentary-action spst switch 
S6-Single-pole, seven-position rotary 

switch 
S7. SS. S9-Spst witch 
S 10-Spdt switch 
XTAL-14.318-MHz., 0.01 % or better tol

era nce , series-resonant cry tal in 
HC18U case 

Misc .-Two 40-pin. five 24-pin, 54 16-pin. 
and 31 14-pin IC sockets (optional); 
75-ohm coaxial cable; TV monitor: 
ASCII keyboard: power supply ; suit
able chassis; mounting hardware : 
hookup wire: solder: etc. 

Note: The following items are available 
from Processor Technology Corp .. 6200 
Hollis St., Emeryville, CA 94608: Com
plete SOL-PC kit of parts (does noc in
clude case, power supply. or keyboard) 
for $297 .00. Available separate ly are 
SOL-PCB etched and drilled printed 
circuit board for $40.00: SOL-SS set of 
IC sockets for $40.00: and SOL-FAN 
fan for $20.00. A complete kit that in
cludes all parts , pc board, power sup
ply. ASCII keyboard. all cables and 
plugs, and a case is ava ilable for 
$497.00; specify kit SOL-I. Free copies 
of the complete schematic, etching and 
drilling guide, and component placement 
guide are available from the same source 
on ·request when accompanied by a self
addressed stamped (26¢) envelope (9" x 
12"). 
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read-only memories). In its basic con
figuration, the SOL terminal consists 
of a pri nted circuit assembly that con
tains the µP, 512 eight-bit bytes of 
PROM, 2048 eight-bit words of RAM 
(random-access memory) , 1024
character video display generator, 
keyboard interface, serial and parallel 
interfaces for connection to external 
devices , and an edge connector for 
memory expansion . All you add are a 
power supply, TV receiver or video 
monitor, ASCII keyboard , and a case. 

Since the SOL terminal is 8080 
based , its memory capability can be 
expanded to 65k bytes. Hence, one 
might ask, is the SOL an intelligent 
terminal or a powerful microcomput
er? In essence, it is both . 

How It Works. The complete 
schematic diagram for the SOL termi
nal is much too large to be reproduced 
in this article. Therefore, a complete 
schematic, an etching and drilling 
guide, and component layout diagram 
for the printed circuit board are avail 
able on request simply by sending a 
self-addressed stamped (26¢) en 
velope (9" x 12") to the source given in 
the Parts List. 

The block diagram shown in Fig. 1 
wi l l be used to explain circuit opera
tion. Notice the similarity of this dia
gram to that of a conventional 8080 
microcomputer. The 8080 (or 8080A or 
9080A) microprocessor, IC69, is the 
" heart " of the terminal. It is supported 
by IC66 through /C97, which include 
address and data line drivers and 
selectors ; " wait state " timers; flag 
latches for data ports ; and partial ad
dress decoding. Both address and 
data 1/0 (inpu t/output) ports are avail 
able for expansion using currently 
available 8080-type memory cards. 

As many as four PROMS (JC62 
through IC65) allow up to 2048 bytes 
of program to be installed in the ter
minal. Up to 512 bytes of RAM can also 
be installed and are designated IC58 
through IC61. 

f-v10Eo-j 

SOL TERMINAL 

SPECIFICATIONS 


Display: 16 lines of 64 characters per 
line. Black characters on white 
background or reverse. 

Character set: 96 printable ASCII 
upper-and lower-case characters. 
Plus 32 control characters (option
al) . 

Display position: Continuously adjust
able both horizontally and vertically. 

Cursor: Solid video inversion (switch 
selectable blink), cursors are pro
grammable. 

Serial interface: RS-232 and 20-mA cur
rent loop. 75 to 9600 baud, syn
chronous. 

Parallel interface: Eight data bits for 
input and output ; output bus is tri
state for bidirectional interfaces; 
levels are standard TIL. 

Keyboard interface: Seven-level ASCII 
encoded, TIL levels ; requires 
strobe pulse with data stable for 
approximately 100 µs following 
positive edge. 

Microprocessor:8080, 8080A, or9080A. 
On-card memory: 512 bytes PROM (ex

pandable to 2048 bytes). 1280 bytes 
RAM (expandable to 1560 bytes). 

External Memory: Expandable to 56k 
bytes total ROM, PROM, and RAM. 

Signal output: 1.0 to 2.5 volts peak-to
peak with composite negative.sync; 
nominal bandwith is 7 MHz. 

Power required: + 5 volts at 2.5 amperes, 
+12 volts at 150 mA, and -12 volts 
at 200 mA; all buses must be well 
regulated . 

The heart of the video display sec
tion is character generator ROM /C9. 
The generator provides both upper
and lower-case characters in a 7 x 9 
dot matrix format. Descenders on 
lower-case characters g, j , p, q, and y 
go below the base li ne to prov ide true 
typewriter character formatting . The 
remainder of the IC"s in the video sec
tion (IC1 through IC36) produce the 
horizontal and vert ical sync. cursor 
options . video invers ion (black 
characters on white background), and 
all video "' handshake" requirements. 

-WHITEt F ifi. ! Video u11tpnt iii 
0.75Vpp co111 1e11 t iu11al wit// 11egaliue 

- BUICK_j_Uin~ s y111· and t-ro lt 11-p sig11a l
-SYNC D.5Vpp 

level. -I f-3- 5ps i-64ps~ l 

NOTE: 	H SYNC PULSES INVERTED 
DURING V SYNC INTERVAL 

f---::~60~· --1 
TO I.Oms 

The video output has a maximum 
bandwidth of 7.15 MHz. It contains a 
composite sync to allow operation 
with any conventional video monitor 
or monochrome TV receiver con
verted for video input (Fig . 2). Color TV 
receiver CRTs may not be capable of 
providing the resolution required for a 
c lean video display, although the au
thors have obtained acceptable re
sults using a type-approved r-f mod
ulator to feed color receivers through 
the antenna input. (CAUTION : Do not 
use a transformerless video monitor 
or TV receiver unless a line-isolating 
transformer is installed.) 

The /C54 UART is used in the termi 
nal for data transmission and recep 
tion . It is supported by /C48 and IC51 . 
Clock pulses for the UART are pro
vided by the baud-rate generator 
made up of IC52, IC53, and IC57. 
Phase-locked loop /C52 operates with 
dividers to produce the requ i red clock 
signals. A switch is provided for set 
ting the baud rate for 75, 110, 150, 300, 
600, 1200, 2400, 4800, or 9600 baud 
(data b its per second) . The serial port 
has both RS-232 and 26-mA current
loop provisions. 

The parallel port consists of an 
eight-bit latch made up of /C55 and 
IC56. These IC's have tristate outputs 
that enable their use with a bidirec
t ional paral lel data channel if desired . 
Signals are eight data bits wide at 
standard TTL leve ls at the input and 
output. 

The ASCII keyboard connects to the 
main terminal board by a single con
nector that provides power to the 
keyboard and accepts signals from 
the keys. The interface requires 
seven-level ASCII at TTL levels and a 
strobe pulse with the data stable for 
approximately 100 µs following the 
positive edge. 

Power for the main board must be 5 
volts de at 2.5 amperes , - 12 volts at 
150 mA, and - 12 volts at 200 mA. The 
power bus lines must be wel l regu
lated . 

Constructio n. Since the printed cir
cuit board measures 13" x 11 " (33 28 
cm ) and has numerous traces and 
pads that require careful registration, 
home fabrication of the board is not 
recommended unless you are highly 
experienced in making complex 
double-sided boards. Once you have 
the board and are ready to start 
mounting components, save IC instal 
lation fo r the last . 

Start wiring the board by mounting 
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IC sockets (recommended for all IC's 
to make removal and replacement 
easy) in place. Next, mou nt and solder 
into place the resistors, capacitors, 
diodes. and transistors. Then mount 
the baud rate switch and connectors 
flush to the surface of the board ; make 
sure they do not sit askew after solder
ing them down. 

Once the crystal is muunted and 
soldered into place. pass a length of 
bare hookup wire over its case and 
into the holes flanking the case. Sol
der the wire to the crystal"s case and 
board pads. Install and solder into 
place the coaxial cable for the termi
nal 's output. 

Carefully check the board assembly 
for poor soldered connections. solder 
bridges between closely spaced pads 
and traces, and proper polarization of 
diodes and capacitors and basing of 
the transistors. 

Checkout. Before installing any IC 's, 
power up the circuit t >ard assembly 
to verify that no short circuits exist. 
Measure the potential across zener 
diode 03 ; it should be - 5 volts . Check 
the fine foil traces near RBS (at the 
video output) for short circuits on the 
+12-vo lt Ii ne. If everything checks out, 
turn off the power. 

Insert IC37 through 1C41 in their 
sockets, making sure you properly 
orient them . lnstal i jumpers from pad 
A to pad B and pad D to pad E (next to 
IC37). Turn on the power and use an 
oscilloscope to check the 47-ohm re
sistors next to /C41 for th r ClflCk 

pulses. When you obtain the pulses, 
turn off ··he power. 

Install /Ct through /C36. Be particu
larly carefu l when handling /C9 to 
avoid static discharr~ es . After remov
ing this IC from its protective foam 
carrier, be sure to touch the pc board 
with your other hand before bringing 
the IC into contact with its socket. Seat 
the IC carefu l'y in its socket and gently 
press it ·1ome. {Note: If you encounter 
excessive resistance when trying to 
in >tall IC9, replace the IC in its foam 
carrie r. Then loosen the soc {et pin re
ceptacles by repeatedly inserting and 
removing a non-MOS IC or piece of 
bare 24 gauge wire .) lnst::lll /C9. 

Set horizontal and verti~al sync con
trols R104 and R102 to midposition 
and the .our-position dual in-line 
switch so that S1 and S4 are off and S2 
and S3 are on . Connect SOL 's video 
output cable to the video man.tor and 
turn on the power to both monitor and 
termir-al board . Displayed on the 
screen should be at least one. line of 
random characters and white cursor 
blocks. Adjust the v and H contrc Is on 
the terminal board for proper sync and 
the contrast and brightness contro ls 
on the monitor f •r the best display. 

SetS3 to off and S4 to on ; the cursor 
should flash at a slow rate . Set S2 to 
off ; the background should c!.ange 
from black to\ hite . Set S1 to c n; the 
control characters (symbo1s o, ab
brevic..tions, depending on the type of 
character generator being used ' 
shou ld di ::. lPI ear. Turn off the board's 
power supply. 

La?·g e conneeta?· at lefl 
rea1· of assembled 
circuit board assembly 
is f o1· ea:ternal 
111e111ory; coax cable is 
fo1· composite video 
uutpllt. All input and 
untput connecto1·s are 
011 rear edge. 

Install IC42 through /CSO and IC66 
through IC97. Practice the same pre
cautions for /C69 , the microprocessor 
chip, that you took for /C9 above . 
Connect the " wait state " jumper at 
/C71 from pad W to pad 1. 

With the video monitor still con
nected to the terminal and operation
al, turn on the board 's power. The CRT 
screen shoulc display one or more 
lines of alt :rnating 9 and " null" char
acters and should flicker every few 
seconds. This indicates that the µP is 
working . If there is any doubt, briefly 
operate the RESET switch . If you ob
serve no activity on the screen , turn off 
ar j remove power from the board and 
check that all IC 's are in their proper 
sockets and properly oriented . 

Install IC52 through /C61 and pro
gram PROM IC62. Use the same pre
cautions detailed above for IC9 and 
IC69 when handling and install ing 
IC54, IC.38 through IC61 and IC62. 
Make sure that the socket for UART 
IC54 is not too light. If you encounter 
difficulties during insertion, use a 
non-MOS IC or 24 gauge wire to 
' 10sen the socket pin receptacles. 

Once everything seems to check 
out. power up the board. If the prog
ram is running properly, the monitor 
scrcien should display a blanked 
$-: ree11 with the propr r " message" at 
the bottom. 

This comp 'tes con~ ffuction of the 
SUL video terminal. You can now add 
an ASCII keyboard md hook up to the 
outside world via the serial and/or 
parallel ports. ~ 
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How they work and what to 

look for in selecting one. 
BY BILL EVA 

ONCE used almost exclusively 
for line-of-sight radio communi

cation and in industrial heating appli
cations, microwaves are now cooking 
food in homes. While the microwave 
oven existed as far back as 1945 and 
was first marketed by Tappan in 1955, 
its popularity as a consumer appliance 
didn 't become established until the 
beg inning of this decade. As a result of 
a reduction in prices. improvements in 
the ovens themselves, and availability 
of conven ience features , microwave 
ovens are capturing a significant per
centage of the total consumer dollar 
spent on major cooking appliances. 

Microwaves cook foods faster than 

conventional gas and electric ovens ; 
and because the microwave oven is 
considerably more efficient than a 
radiant-heat oven , it is a great deal 
more economical to operate. Con
venience features and noncooking 
aesthetics have also helped to make 
the microwave oven an attractive con
sumer appliance . 

Market Trends. As can be seen from 
the graphs. the microwave-oven mar
ket began a meteoric rise in 1970 when 
it cap tu red about 1.5% of the large 
cooking appliance market. By the end 
of last yea r. an estimated 26% of the 
consumer dollar had gone into pur

chases of microwave ovens and com
bination conventional / microwave 
ranges. Extrapolating from th is per
formance . estimates have been made 
that the microwave app liance will ac
count for almost 50% of the worldwide 
market by the end of this decade. 

It is interesting to note that the early 
microwave oven market was domi
nated by a few Japanese name brands 
but that the U.S. has since take n over 
the major portion of the market. Cur
rent figures give 75% of the market to 
U.S. manufacturers and the remainder 
to the Japanese manufacturers. 

Ten manufacturers currently supply 
microwave-oven appliances to the 
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consumer market. In the U.S., there 
are Amana, General Electric , Litton , 
Magic Chef, Tappan , and Thermador. 
while in Japan, there are Hayakawa 
(Sharp) , Matsushita (Panasonic). 
Sanyo, and Toshiba. Together, these 
10 companies offer a wide variety of 
appliances to meet any cooking need 
of virtually every budget. 

Oven Operation. In its basic form 
(see block diagram) , the microwave 
oven consists of a power supply, mag
netron tube, and cooking cavity . The 
magnetron tube generates the r-f 
energy that cooks the food . It is de
signed to operate at a frequency in the 
2400-to-2500-MHz (2.4-to-2 .5-GHz) 
range. The magnetron tube is driven 
by a power supply that plugs directly 
into the normal ac line. The power 
supply is essentially a hefty trans
former that delivers about 4000 volts 
to the magnetron. 

The energy generated by the mag
netron is coupled into the cooking (or 
microwave) cavity via a system of 
waveguides. Situated near the en
trance to the cook ing cavity is a 
" mode stirrer." This is a rotating de
vice that has irregularly shaped reflec 
tive sections that scatter the mi 
crowave energy uniformly throughout 
the cavity to minimize hot and cold 
spots. (In some ovens, uniform energy 
distribution is obtained by having the 
food rotate on a turntable in the mi 
crowave energy field .) 

Integral to every microwave cooking 
appliance are door seals and safety 
interlocks, both of which are required 
to make the appliance safe to operate . 
The seals block and absorb the poten
tially hazardous r-f energy to prevent it 
from escaping from the oven 's cavity 
to the outside environment. The inter
locks are designed to instantly remove 
the power from the magnetron tube in 
the event the door should be opened 
when the oven is turned on . 

Another element basic to all 
consumer-type microwave ovens is a 
timer that precisely controls the cook
ing time. Since time is an important 
factor in microwave cooking , some 
oven models feature two timers
coarse and fine-to permit very accu 

make 11p basic elements of 
al l miaowa ve appl ia 11ces. 

rate setting of the cooking cycle . With 
other oven models, a single timer is 
provided with two operating speeds. 
The time can be ind icated in either 
mechanical scalar format or numeri
cally with LED displays driven by an 
al l-electronic system. Deluxe oven 
models even feature countdown and 
hold modes on their timers. And some 
digitally generated numeric timer dis
plays double as clocks when the oven 
isn 't being operated . 

Large countertop microwave ovens 
generally deliver between 600 and 700 
watts of r-f power to the food load. 
Smaller ovens are rated at 400 to 500 
watts. 

Most microwave-oven appliances 
give the user a cho ice of operating 
modes. Almost all models provide 
cook and warm modes. The latest 
modes to be introduced are defrost 
and slow cook . The cook and warm 
modes generally operate the oven at 
full power . Defrost usually pu lses the 
microwave energy on and off w ithout 
cook ing the food. Slow cook , usefu l 
for making stews , casseroles , and 
other dishes that requ ire gentle sim-

T ypical 111agnetru11 lttbe "is 
housed i11 rugged 11ielal 

contai11 er a/011g with 
necessary 11wg11 e/s. 
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mering , can be accomplished by 
operating the magnetron tube con
tinuously at reduced power or by puls
ing the full-power output on and off , 
with the on period determining the av
erage cooking heat. 

Bear in mind that no microwave 
oven can brown a roast or fowl, sear a 
steak, or form a crust on bread and 
pastry by microwave energy alone. Fo r 
this , you need a source of radiant heat. 
Some microwave ovens feature inter
nal brown ing elements to accompl ish 
these tasks. Amana, however, does 
use mic rowave energy to brown, sear, 
and crust foods, but special Browning 
Skillets are required. 

Microwave vs. Radiant. The mod
ern microwave oven is more than just 
a new type of cooking appliance. It is a 
whole new approach to cooking . One 
must become accustomed to tele
scoped cooking times and take care to 
avoid using metallic cooking utensils 
(except in some Litton ovens) . 

The one great advantage the mi 
crowave oven has over convent ional 
gas and electric ovens is its high effi
ciency. In conventional ovens, heat is 
radiated into the air before it gets to 
the food inside the oven . Hence, much 
of the energy goes into heating the ai r 
(a goodly portion of which escapes 
from the oven through a vent) . The 
food being cooked heats from the out
side toward the center. All told , only a 
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fraction of the heat radiated into the 
oven goes into cooking the food . 

By con~rast , all of the heat de
veloped by the microwave energy is 
generated uniformly inside the foods . 
Foods, therefore , cook uniformly 
throughout and have less of a tend
ency to dry out near the surface. No 
heat is wasted in heating the air sur
rounding the food in the microwave 
oven . As a result , the air and walls of 
the cooking cavity remain relat ively 
cool , which means that foods and 
splatters don 't bake on . Cleaning up is 
as easy as wiping with a wet sponge or 
cloth . 

Since li tt le or no energy is wasted in 
a microwave oven , foods cook faster 
and the energy demand is greatly re
duced . Energy savings range from 
50% to 75% in a microwave oven , de
pending on the amount of food being 
cooked . Likewise, cooking times are 
reduced to on ly about 25% of those 
required in conventional ovens. 

Virtually all of the microwave energy 
developed by the magnetron tube is 
absorbed by the food in the oven , re
gardless of size. Hence, it takes twice 
as long to cook two same-size 
potatoes, for example, than it does to 
cook one potato in a microwave oven. 
As a ru le , cooking times in a micro
wave oven increase in direct pro
portion to the increase in the amount 
of food being cooked. 

Microwave ovens use high
reliability magnetron tubes. most of 
which are rated at 3000 or more hours 
of useful life . Since a microwave oven 
in a typical home is operated on an 
average of 100 hours per year , the 
magnetron tube has an implied l ife of 
about 30 years . Compare this to the 
typical 15-year useful l ife of the aver
age gas or electric oven . And the 
power supply, the other major ex
pense item, is at least as reliable as the 
magnetron tube. Door seals and inter
locks, too , should last for the life of the 
oven . In fact , manufacturers have 
such a high opinion of the reliability of 
their microwave appliances that they 
generally offer warrantees against de
fects and failures for periods ranging 
from three to five years . 

Depending on size (and cooking 
power) , basic microwave ovens draw 
between 8 and 15 amperes when op
erated from the 117-volt, 60-Hz ac Ii ne . 
The advantage here is that small coun
tertop microwave ovens without buil t
in browning elements do not require 
an expensive overhaul of most electri 
cal systems. Of course, if you decide 

Amana".s To11c /i 111alic 
Radanmge is firs/ to 11 . e 

microp1'ocessor lo 
control all cooking 

.fimctions a11d timing. 

on a deluxe countertop oven with 
built-in radiant-heat elements for 
browning or a combinat ion radiant
heat/microwave appliance, the power 
demand will be greater. 

A Note On Safety. A few years ago, 
when the microwave oven was st ill 
relative ly new to the consumer mar
ket . a question of safety arose with 
regard to the protection provid ed by 
the door seals against leakage of mic
rowave energy . 

Wh ile some con troversy st ill re
mains. much of the discussion has 
abated . In the meantime , a number of 
private and government agencies 
have conducted much radiation re
search ; new standards have been writ
ten ; and better and more lasting door 
seals have been deve loped by 
microwave-oven manufacturers. Al
most all of the original objections have 
been put to rest as a resul t. Although 

Lil l v1i".~ Mia1111w tic 
co111binal iu 11 rw1ge offers 

bulh mdia11 I al/Cl 
111iuu1m ce cuoki 11g a11<{ i8 

the (in;/ 111ic1·c11m1·e 
applia11ce to allow 

use of 11 le11sils . 

microwave energy leakage has not 
been reduced to zero (an impossib le 
task to say the least) , leakage levels 
are now generally regarded to be well 
within the limits regarded as safe, 
even after an oven equipped with the 
new seals has been in service over a 
prolonged period of time. 

The responsibil ity for producing 
microwave ovens that will maintain 
door-seal integrity rests with the man
ufacturers. To this end , all manufac
turers perform exhaustive tests on 
every microwave oven for the con
sumer market. When a microwave 
oven has been put into its shipping 
carton and consigned for delivery to a 
retailer, you can be assured that it has 
been certified. (It is interesting to note 
that one manufacturer - Amana 
Refrigeration - has received a mi
crowave oven warn ing label exemp
tion from the government, which 
should provide some indication of 
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MICROWAVE OVENS' GROWING SHARE OF 

MAJOR COOKING APPLIANCE MARKET 
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compensate for the lack of these fea
tures by using your oven with a little 
imagination . 

It is very important that , once you 
get your microwave oven home and 
before you plug it into an outlet , you 
check to make sure the door closes 
tightly. Don 't just try one opening and 
closure to verify proper door opera
tion . Check to make sure that there 's 
no lateral play around the hinges 
when the door is open . Shou ld you 
detect a loosely fitted door or less than 
solid closure. you shou ld immediately 
contact the dealer from which you 
bought the oven and inform him of the 
problem. Do not . under any cir
cumstances, operate the oven if a 
door problem exists. You wi ll run the 
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how much the safety of consumer 
microwave appliances have been up
graded in the past couple of years.) 

Buying Tips. As with any other home 
appliance , the best advice is to shop 
around to determine which brand and 
model of microwave oven fi lls your 
needs. If you plan to do most of your 
cooking with a microwave oven and 
have a relatively large family (four or 
more individuals). look fo r a fu ll
feature countertop oven or combina
tion conventional/microwave range . 
On the other hand , if you have a small 
fami ly and plan to use your conven
tional oven for most roasting , baking , 
and broiling , you can probably get 
along with a smal ler , more economi
cal model with fewer features. 

Since a microwave oven represents 
a sizab le investment , it pays to visit 
sources and make direct performance 
and cost comparisons. On occasion , 
large-appliance dealers-particularly 
discount centers-feature sales on 
microwave ovens. Pi ck up whatever 
manufacturer literature is avai lable. 
And, if possib le, have the sa lesperson 
demonstrate how the different models 
work. 

If you 're on a tight budget, look at 
the " economy " models. Economy 
ovens, after all, contain roughly the 
same basic cooking elements com
mon to even the most deluxe types. 
True , you won 't have all the conve
niences (high/low-power cooki ng , de
frosting . slow-cook. and cou ntdown 
and hold) . bu t it is usua lly possible to 

risk of radiation leakage. It is rare that 
a situation li ke this arises. But even 
with the extreme precautions taken by 
manufacturers to deliver a safe pro
duct, rough handling during sh ipping 
may result in improper sealing . 

What to Buy. The decision to buy a 
microwave appliance will depend 
partly on need and partly o n the confi
dence you have in the product. As de
ta i led above , new microwave 
appliances can be given a high degree 
of con fidence w ith respect to reliabili
ty. If you still have reservations about 
buying a microwave oven , they proba
bly stem from the fact that you have to 
learn a new technique for cooking 
foods. Rest assured that the techn ique 
isn 't diff icu lt to master in a very short 
·time. To this end , you might be wise to 
pick up one or more of the books de
voted to microwave cookery on the 
market. We can recommend " The 
Amana Guide To Great Cooking With a 
Microwave Oven," available at many 
paperback book racks or from Amana 
dealers fo r $1 . 75 . Litton Industries, 
P.O. Box 851, Maple Plain, MN 55359, 
has " Old-Fashioned Goodness With 
Variable Power Microwave Cooking " 
for $9.95 and " Discover Combination 
Mic rowave Range Cooking " for 
$12.95 (both hard-cover volumes). 

While precooked and processed 
food packages are slow to list micro
wave cooking times (a situation that 
wi ll doubtlessly be remedied as more 
and more microwave ovens come into 
use in consumer kitchens). several 
cooking magazines-at least one of 
which is devoted to gourmet 
cooking-recog nize the merits of mi
crowave cook ing and are including a 
lim ited variety of recipes for the new 
cook ing medium. ~ 
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CALCULAT 
BY EDWARD M. NOLL 

PART ONE: Basic Equations and Ohm's Law 


T HE deeper you get into elec
tronics . the more you fi nd how 

many mathematical manipulations are 
involved . Th e tedium involved in ex
tracting roots . raising numbers to 
powers, calculating angles and vec
tors . and handling very large and very 
small numbers - sometimes in a 
single problem - often make students 
of electronics throw up their hands in 
despair. 

Now. thanks to the availability of 
low-cost hand-held scientific cal
culators . you can put most of the 
drudgery of numer manipulation be
hind you. The calculator is an accu
rate . easy-to-use mathematical tool 
that el iminates the need for log and 
trig tables . It is also an extremely fast 
problem solver. Most people who be
come famil iar with using a scientific 
ca lculator to solve problems actually 
want to learn the math that will take 
them deeper and deeper in to elec
tronics . 

This article is the first of three in

stallments on how to use a scientific 
cal cu la tor to so lve basic electroni cs 
problems. We will discuss Ohm 's Law 
and de circuits ; calcu lating the total 
resistance , capac itance , and induc
tance in series and parallel circuits; 
and resonance. 

Throughout this series. the method 
of keyboard entry described is stan
dard algebraic . If you are using a 
reverse-Polish notation (RPN) cal
cu lator. refer to its instruction manual 
for in fo rmation on how to translate 
from algebraic to RPN format. In addi
tion , it is pre-supposed that your cal
culator is equipped to handle two
digit power-of-ten superscript in the 
display and on command from the 
keyboard . It must also have paren
theses (preferably " nested " ) and a 
memory registe r . 

(Note : The answers to problems 
given in this series of artcles were ob
tained with a Melear calculator . If you 
use a calculator from a d ifferent man
ufacturer . you may obta in sli ght ly dif

ferent answers as you work the prob
lems. The differrences in answers will 
be negligible .) 

Series and Parallel R. The simplest 
type of problem you are likely to en
counter in electronics is findi ng the 
total resistance in a series circuit. The 
tota l resistance . RT, is the sum of the 
individ ual resistances, as shown in the 
formula accompanying Fig . 1A. The 
value of R ,. will always be greater than 
the highest value resistance in a series 
circuit. 

In Fig . 1 are three series-resistor cir
cu its, each containing four resistors of 
different values. Circuits A and Billus
trate a very important ru le to bear in 
mind: A/ways make entries in identical 
un i ts . In Fig . 1A, you can simply add 
the resistances exact ly as they are 
stated because they are all in kilohm 
units. However. if you look close ly at 
the circuit of Fig . 1 B, you will find that 
R3 's value is given in megohms, wh ich 
means that you must first convert 1.2 
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megohms to 1200 kilohms before at
tempting to sum the values. 

What is the total resistance in 
kilohms for Fig. 1 A? Using your cal
culator, solve the problem by making 
the following keyboard entries: 

4.7 + 8.2 + 1.8 + 5.6 = 
As soon as you make the last entry, the 
display should read 20.3, which is R.,. 
in kilohms (20 ,300 ohms). To solve for 
Rr in kilohms for the Fig. 1 B circuit , 
the keying sequence would be: 

8 .2 + 100 + 1200 + 12 = 
yielding 1320.2 kilohms . 

The object of the circuit shown in 
Fig. 1C is to find the value of R3, given 
A.,. and the values of the remaining re
sistors . Th is is done simply by sub
tracting the given values from A.,. as 
illustrated in the formula. The keying 
sequence is 

15 - 4.7 - 2.4 - 5.6 = 

or 15 - ( 4. 7 + 2.4 + 5.6 ) 
Note that the second key ing sequence 
introduces the use of parentheses. 
Here, the sum of the resistances inside 
the parentheses is subtracted from the 
first entr;. Both sequences yield the 
same answer: 2.3 kilohms (2300 
ohms) . 

When resistors are connected in 
parallel , as shown in Fig. 2, R.,. is the 
reciprocal of the sum of the recipro
cals of the individual resistor values 
(see formula in Fig. 2A) . Total resist
ance Rr is always less than the lowest 
resistance value in a parallel circuit. 

The use of the scientific cal cu la tor 
makes short work of the manipu la

!Cl 

tions required for solving parallel cir
cuits. In solving for RT (in kilohms) for 
the values given in Fig. 2A, it is easiest 
to first find the sum of the reciprocals 
of R1, R2, and R3 and then find the 
reciprocal of the result: 

4.7 1/x + 8.2 1/x + 5.6 1/x 
= 1/x Display: 1.948221701 

The answer in kilohms can be rounded 
off and stated as 1.95 kilohms. 

Total resistance and the values of 
two of the three res istors are given in 
Fig . 28. The objective is to determine 
the value of the unknown resistor. To do 
this. the basic parallel-resistance for
mula must be rearranged as shown . 
Then solve for R3 as follows: 

1.2 1/x - 6.8 1/x - 8.2 1/x 
= 1/x Display : 1.772033898 

After rounding off , the value of R3 be
comes 1.8 kilohms . 

The value of Rr for the circuit in Fig . 
2C can be calculated using either of 
the two formulas shown : 

6.8 1/x + 2.4 1/x = 1/x 
or 6.8 x 2.4 + ( 6.8 + 2.4 ) = 

Display : 1 . 773913043 
After rounding off the resul t, RT be
comes 1.8 kilohms . 

Circuits containing both parallel 
and series grouping , like that shown in 
Fig. 3, must use a formula that in
cludes all elements. The formula for 
RT for the circuit shown is also given in 
Fig . 3. To solve for RT here, make the 
following entries: 

2.4 + (4.7 1/x + 5.6 1/x) 1/x = 

or 2.4 + [ 4.7 x 5.6 + ( 4.7 + 
5.6 ) ] = Display : 4.955339806 

Fig. 4 . iuce RI is i11 
RI R2 R3 
4.H 8.2K 5.6K 

/!O rn IIel 11 ,i Ih res/ of' Rr 
1·irc11 it {l T 11111s l lw 

l e.~., tlia11 1·r1/11 e of RI. 
( A ) 

RI R2 R3 
6.8K 8 .2K ? I I 

RT - iii 

( Bl 

R _ RIR2:--r-1R2 
r- Rl+R2~2.4K 

(Cl 

I 
R2 

Fig. 2. I 11 parn//el
1·e.,f.~ f (!r c:irc11 ii. 
/11((1/ rcsi.,tance ;., 
oI rrn ys Ie.~s Ilia 11 


lu rl'e .~t 1·r'.~is/a:1 il'I' 


Pain e i11 circuil. 

Round off the answer to 4.96 or 5 
kilohms. Note that the second method 
introduces the use of nested paren
theses. To be able to use the second 
method of entry, your calculator must 
have at least two levels of paren
theses. Otherw ise, you will have to use 
the calculator 's memory register. 

RI Rr• RI +--2.4K 
R3 ...!.. +..!...R2 

5.6K RI R24.7K 

=R I+~ 
RI+ R2 

Fig . .J. I n lli is series-parallel circuit. 
R.r is grea/e1· llia11 Rl. 

The rather complex formula shown 
in Fig . 4 can be solved in several ways . 
We offer here two keyboard se
quences you can use for solving for 
RT. In the fi rst, the calculator's mem
ory register is used to store an inter
mediate result. In the second , the 
order of entry is slightly rearranged to 
avoid the use of the memory function 
and reduce by two the number of en
tries that must be performed . In both 
cases, however, the R2 /R3 network is 
f irst converted to a product-over-sum 
format : R2R3/(R2 + R3). 

3.3 1/x STO 3.9 x 4.7 + ( 

3.9 + 4.7 ) + 6.8 = 1/x + 
RCL = 1/x Display : 2.409668219 

or3.9 x 4.7 + ( 3.9 + 4.7) 
+ 6.8 = 1/x + 3.3 1/x = 
1/x Display : 2.409668219 

After rounding off, Rr becomes 2410 
ohms. 

Ohm's Law. The voltage/curren V 
resistance relationship known as 
Ohm 's Law is one of the most impor
tant in electronics . Ohm 's Law states 
that the current in a circuit varies di
rectly with the voltage and inversely 
w ith the resistance in a circuit. In 
equat ion form , this becomes I = E/ R, 
from which we derive E = JR and I = 

Rr • I 
3.3K 3.9K 
RI R2 R3 

4.7K I ( R2R3 )
Ri' + \ R2 + R3 +R 4 

R4 
6.8K 

E/R. Now, referring back to Fig . 3 and 
using 4955 ohms as R1 , what is the 
current in the circuit if 200 volts is 
applied? Since I = E/R, your ca lculator 
entries would be: 
200 7 4955 = 

Display: 4.036326942 - 02 
Note that the result in the display con-
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Fig. :i. Given any t1110 I , E, R 
pam111eters, th ird can be dei·ived. 

tains an exponent of - 02, which 
means that the decimal po int must be 
moved two places to the left. This 
yields an answer of 0.04036 ampere 
(40.36 mA) after rounding off. 

Once you know the current flow ing 
through the circuit , you can easi ly cal
culate the vo ltage drop across any 
g iven resistor in that circuit. For 
example, let us calculate the voltage 
dropped across R1 (E u1 = IR): 

.04036 x 2400 = Display : 96.864 
Next, what is the voltage drop across 
R2 and R3? Bear in mind that while the 
full cur rent flows through series resis
tor R1 in this circu i t , it splits in propor
t ion to the res istances in th e paralle l 
legs consisti ng of R2 and R3 so that 
the vo ltage dropped across one resis
tor wi ll be identical w ith that dropped 
across the other resistor . Hence, Eu".ii:• 
wi l l be the difference between supply 
voltage Es and En, (E11rna = Es - ER1): 

200 - 96.864 = Disp lay : 103.136 
You can now calcu late the current 
through R2 (lu; = Eu2.1dR2): 

103.136 + 4700 = 
Disp lay : 2.1 94383978 - 02 (21 .9 

mA) 
and through R3 {l u3 = Eu2.u:i/R3) : 

103.136 + 5600 = 
Display : 1.84 1714285 - 02 (1 8.4 

mA) 
As an example in learning how to 

use your calculator with confidence . 
determine the total current drawn by 
the circuit in Fig . 4. Then calcu late the 
current through and vo ltage dropped 
by each resistor in the circuit. Hin t: 
The entire 100-volt Es is applied across 
R1 and also across the netwo rk made 
up o f R2, R3, and R4. Wh en you ' re 
through with your calculations your 
results should be : E1u = 100 V: E11 rn:< = 

23.85 V: Eu.1= 76 .5 V; 111 1= 30.3 mA; 111 " 

= 6.1 mA; lu,1 = 5.1 mA ; and 111 1 = 11.2 
mA. 

In the Fig. 5 circuit , what must be the 
value of R2 if ci rc uit current is to be 
limited to 200 mA. Sin ce I = E/(R1 + 
R2) , restating the formu la yields R2 = 
(E/I) - R1 . Therefore. the keyboard 
entry wou ld be : 

12 + .2 - 12 
or( 12 + .2) - 12 = 

Display : 48 
Hence. the value of R2 must be 48 
ohms. 

Now. what is the tota l power Wrl 
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consumed by the circuit in Fig. 5 and 
power dissipated by each resisto r in 
the circuit? Power (in watts) is a sim
ple voltage-current relationship (P = 
IE) . For P,.: 

.2 x 12 = Display : 2.4 (watts) 
To determine the power d issipated by 
each resi sto r. use the formula P = 12R. 
Th is introduces you to the use of the x2 

squaring key . For R1: 

.2 x2 x 12 Disp lay : 0.48 (watt) 
and for R2 : 
.2 x2 x 48 Display : 1.92 (watts) 
Add the two dissipation fig ures ob

tained for R1 and R2: 

.48 + 1.92 = Display : 2.4 (watts) 

and you have P,.. 


Series and Parallel L & C. When 

dealing with inductances in series and 

pa ra llel ci rcuits , the ru les are the same 

as those for resistive circuits. For 

series ind uctances, simply add the 

various L va lues (don ' t forget to use a 

common number notation). whi le for 


LT' LI +L2+L3 

(A) 

Lr 

(Bl 

Fig. 6. L Tis calt11latrrl i 11 11 

111ui111 er si111ilar luj/11rli11y RT. 

parallel circuits , calculate the recip 
rocal of the sum of the rec iproca ls of 
the various L values . Capacitances, on 
the other hand , are totalized in exactly 
the opposite manner : In a se.ries c iruit, 
CT is the rec iprocal of the sum of the 
reciprocals of the various C values, 
while in a para llel circuit , CT is the 
simp le sum of the C values. 

Given the above criteria . ca lcu late 
the total inductance, L T• for Fig. 6a : 

5 + .1 .036 = 
Disp lay: 5.136 (mH) 

and for Fig . 68 : 
2.8 1/x + 5.4 1/x + 6.1 1/x 
= 1/x Display : 1.41590426 

which when rounded off becomes 
1.416 mH. 

F ig. ; _ Findi11y C'T.fiir 

-~l'rie .~ 11 //II 1111 ru/lel
i-irn1i/:-; i.~ si111ilur tu 

filllli11y R 1Jiir pumllel 
""" .'\l'ri''·"' f'in·11i fs, 

ff>; Jll' cf ire/y. 

Now, calculate C,. for Fig. 7A: 
.1 1/x + .02 1/x + .005 1/x 


= 1/x Display : 3.846153846 - 03 

which rounds off to approximately 

3850 pF. To calculate CTfor the Fig. 78 

circuit , simply add the vari ous C val

ues : 

1500 + 820 + 680 = 

Display : 3000 (pF) 
The res ult can also be stated as 0.003 
microfarads. 

Resonance Formulas. Whenever a 
capacitor and an inductor are co n
nected together in series or paralle l, 
they will resonate at a f requency de
termined by the L and C values. The 
basic equation fo r determining reso
nance (f,) is given in Fig. 8, as are the 
equations for determining the Land C 
values when f, is given. 

When working w ith the resonance 
formu la , pay ca ref ul attention to the 
units in which the Land C values are 
stated . Values are genera lly stated in 
powers of 10,which may or may not be 
the same for L and C. Howeve r, you 
don 't have to convert the numbers to a 
common exponent notation because 
you will be using the exponent key ( EE 

or EEX , depending on th e ca lculator 
you are using). On scientific cal
culators , the exponent key automat i
cally states the number en try in " sci
entific notation " (power of 10) . 

Now, what is fr for the Fig . 8 circuit? 
To so lve th is problem , make your 
keyboard entries as follows: 

2 x n x ( 10 EE +/- 6 x 
20 EE +/- 12 ) x = 1/x 

Display : 11253953.95 (Hz) 
In conventional notation . this would 
be 11.253954 Mhz , or 11.3 MHz. Note 
that in solving this problem we not 
only in trod uce the use of the EE key, 
but we also have occasion to use the n 
and square-root (\IX) keys . 

Since the same resonance equation 
applies to both series and paralle l
resonant ci rcu its , what is f, for the cir
cuit in Fig . 9? In solving this problem , 
bear in mind that capacitors con
nected in parallel with each other yie ld 
a CT that is the sum of their values. 
Your keyboard entries would be : 

{Al0--1----r----J_-. 
---r,;c1 -,;: c2 c3 ;;;y

0 0j:r ~o 6 :J1 
o !Bl 
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50 EE +/- 12 + 20 EE +/- 12 
40 EE +/- 6 = Vx . 2 /: n = 1/x 
or 2 n [ (20 EE /- 12 50 EE 
+/- 12 x 40 EE +/- 6 ) \ x) = 1/x 
The result displayed in both cases 
would be 3007745.709, which be
comes approximate ly 3 MHz . 

A capacitor of 140 pF is to be used in 
a parallel circuit that must resonate at 
4 MHz . Using the equation g iven in 
Fig . 8 for determining the value of L, 
what must be the inductance used? 
The keyboard entry is as fol lows: 

x22 n 4 EE 6 = 1/x 
140 EE / - 12= 
Display : 1.130816781 - 05 

Hence, the inductor wou ld have a 
value of roughly 11 .3 µH . You can 
double check your calc ulation by so lv
ing for f,. using 11.3 µHand 140 pF as 
the Land C values . 

ft= --
2 ,.)'LC 

~tiL~-- vrv ---. c 1 2 
IOµH ~ ( 211" ~ 1 C 

o 	 C =--
(2TrF\2L 

F iy . 8. l "cr / 1w.~ 11( /, 11111/ ( . 

(/('/ (' J"llli l lf' l"f' Sll/111// f ji·t •(f /ll ' l ll"Jf · 

Gain Formulas. Calculating power 
and voltage gain with a sc ienti fic cal
cula tor is a cinch because the cal
culator 's built- in logarithm function 
eliminates the need for log tables. To 
see how simple the procedure is, let us 
assume that the output power of an 

amplif ier is 4 wans and its input is 2 
watts . What is the decibel (dB) gain of 
the ampl ifier, using the basic formula 
dB = 10 log (P../P,,,), we get : 

4 ..,_. 2 = log 10 = 
Display: 3.010299954 (dB) 

You can round this off to 3.01 dB. 
(When you work this problem on your 
calcu lator, use only the common
logarithm , or "' log ," key . Do NOT use 
the natural- logarithm , or " In."' key in 
power and voltage gain ca lculations 
or your answer will be incorrect.) Note 
that a doubling of power corresponds 
to a 3 dB gain. 

If the output vo ltage of the c i rcuit is 
8 volts and the input is 4 volts , what is 
the voltage gain of the ampli fier? Use 
the formula dB = 20 log (E,.IE;11): 

8 ..,_. 4 = log x 20 = 
Disp lay : 6.020599908 

which rounds out to a 6-dB gain . Note 
here that doubling the voltage corres
ponds to a 6-dB voltag e gain . Vo ltage 
and current gain and loss figures are 
appropriate on ly when the input and 
output impedances are identical. As a 
resu lt , power gain and loss values are 
given most often because in most 
pract ical situat ions the input and out
put impedances are not the same. 

In passing through a network . the 
output power drops from 6 watts at the 
input to 3 watts at the output. What is 
the power loss in decibels , using the 
formula dB = 10 log (P,.IP111 ) : 

3 + 6 = log 10 = 
Display : - 3.0103 (or about - 3 dB) 

In a network that has the same input 
and output impedance, the vo ltage 
drops from 16 to 8 volts . What is the 
loss in decibels . Using the formula dB 
= 20 log (E,,/E;11 ) : 

8 + 16 = log x 20 = 
Display : - 6.020599918 (or - 6 dB) 

Finally , the input power to an amp lifier 

L i fr : 
40 

211"1Ll(Cl+C2lµH 

F i,r1 . .'/.('Ti.' . ·11111 ti( Cl + C.!. 

is 5 mW and the output power is 10 
watts . What is the gain of the 
amp lifier? First , convert 5 mW to 0.005 
watt : 

10 + .005 = log 10 = 

Display : 33.01029995 (or 33 dB) 

Summing Up. You have probably 
noted that it is a rather slow process 
making entries if mistakes are to be 
avo ided . In the beg inning , while you 
are becoming fami liar w ith your cal
culator and the electronics math in
vo lved in problem solving , it is best to 
work each prob lem two or three times 
to avoid errors. As your con fidence 
builds. however. you will find the 
process considerably speeded up". 

In our second installment. we dis
cuss impedance and ac formulas . ~ 

A FLASHER/BATTERY INDICATOR BY DALE HILEMAN 

S INCE readers have considerable 
interest in fl asher circu its , per

haps this f lasher and battery indicator 
circuit wi l I be helpful for use in a 
battery-operated test instrument. 

The flashing is intended to ca ll the 
operator's attention to the fact that 
power is on so that he won ' t go away 
and leave the instrument operating . It 
flashes brightly about twice a second . 

but average current consumption is 
only about 200 µA because the duty 
cycle is only about one percent. 

Helping keep power consumption 
to a minimum , transistors () 1 and 0 2 , 
in an unusual comp lementary mu l
tivibrator circu i t, are both c ff 99 per
cent of the lime, conducting only 
when the LED is on . 

The circuit is intended for use with a 

ll'/1i/e Ilic .'l-1•11// 
hatfcr.11 puH·e 1 ·.~ ri lllf'r 
C'C/ lli/ ll/1{' 111 . //i is 
cirn1it i 11tl im l c>s 
JWl! 'e l· 1111, 1111</ 1"1111 11 yes 
.flash rn le 111· 

I 11 rns '!I.I" 11•/i c•11 ho /1 1'1"!/ 

vets /1111'. 


9-volt battery , and values are chosen 
so that R4 can be adjusted to stop the 
flashing when the vo ltage drops to six 
volts . Th is point may be changed by 
altering the ratio of R2 to R3 . 

As the battery voltage approaches 
the turnoff point , the flashing rate 
sudden ly drops , to warn the operator 
ot Impending failure . Of course, when 
the battery vo ltage has d rapped below 
this point , there is no flashing to re
mind the operator to turn the power 
off . Presumably, however, the battery 
is nearly dead anyway ; so it doesn ' t 
matter much if left on . A germanium 
diode , 01 . temperature-compensates 
the base-emitter junction of 0 1 to 
keep the turnoff voltage stable. This 
d iode must be a 1N198; you cannot 
subst itute . 

Average current can be further re
duced by increasing the values of R1 , 
R7, and R9 . The fo rmer two lim it surge 
and the latter dete rm ines the current 
in the LED. ~ 
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Updat Your 
Multi eter w·th a 

Com1erts any voltmeter into a 

high-sensitivity input meter 

for low millivolts measurements. 

BY DAVID H. DAGE 

Y OU CAN inexpensively update that plugs into the standard input of 
any de voltmeter to measure in any voltmeter ra ted at 1000 ohms (or 

the low-mi l livo lt range at an input sen greater) per vo lt . 
sitivity of 1000 megohms/volt with the When the Mill ivolter is used w ith an 
Mi llivolter . The self-conta i ned, ordinary de voltmeter. it can supply 
battery-powered Millivolter is basi gains of x 10 or x 100 th rough its 
cally a high-se nsitivity ampl i f ier built-in CMOS operationa l amplifier 
housed in a 5" (12.7-cm) long probe circuit . This means that a 3-volt range 

in the meter effectively becomes a 
30-mV range and a 1-vo lt range be
comes a 10-mV range full scale . Addi
tional ly, the probe can be used to 
measure current . w ith 1 nA indicat ing 
full scale on a 1-volt range. 

You can build the Millivolter for 
about $12, which is a great deal less 
than you would have to pay for a new 
instrument capable of providing its 
measurement features. 

How It Works. The Millivolter is built 
around a new CA3130 linear CMOS op 
amp (IC1 in Fig . 1) that has extremely 
low bias cu rrent requirements . Th is 
permits large values of input resis
tance to be effectively used. In this 
case , 10 megohms is used without 
seriously affecting the output voltage 
when the probe inputs are shorted . 

When using a CA3130 op amp with a 
10-megohm input resisto r (R1}, the 
output changes only 5 mV, or 0.5% of 
the fu ll-scale indication . Th is is a 
sharp contrast to the unusual be
havior of most other op amps on the 
market. 

The output of th e new op amp con
sists of CMOS transistors that operate 
as a class-A amplifier whose gain is 
dependent on the load impedance 
that it drives . With a gain of 100 and a 
reasonably high-input-impedance 
voltmeter (5000 ohms/volt) , neg ligible 
error is introduced even when driving 
the output to within a few millivolts of 
the supply potential. When driving 
low- im pedance vo l tmeters ( 1000 
ohms/volt) , the output is reliable to 
within :t 3 volts with less than 2% load 
error. Shorting the output to ground 
will not damage the IC. 

The circuit shown in Fig . 1 employs 
1 % tolerance resistors in the gain
setti ng feedback loop. wh ich means 
that no gain-adjusting trimmer poten
tiometers are required. The offset vol
tage can be adequately t r immed to 
nu l l by ad justing potentiometer R6. 

With S1 in the OFF position , the 
probe is completely bypassed , the 
voltmeter operates in the normal 
manner, and power is removed from 
the probe 's circuit. In either of the 
other two positions ( x 10 and x 100) , 
S3 applies power to the probe 's circu it 
and simu ltaneous ly performs all 
sw itching functions for the gain 
selected . 

A single 9.8-volt battery , 81. powers 
the op amp amplif ier c i rcuit through 
01 and the resistor network consist
ing of R7, RB, and R9. This network 
provides a common (ground) refer-
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PROBE l 

Fir; . 1 L/1;e of a 
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/000-111 er;oh 111 per 
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.~il iui l y. Gni11 
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PARTS LIST 

TIP 

GNO 

XIOO 

RI 
IOM 

+ 

Rf> 
IOK 

- Bl 
-9.BV 

SID 

-v 

SIC 

B1-9.8-volt mercury battery (RCA No. 
VS 177 or sim ilar) 

C 1- 0.0J-µF disc capaci to r 
C2-0.001-µF disc capaci tor 
IC l-CA3 I 30 CMOS linear op amp IC 

(RCA) 
() 1-2N3860 or simi lar transistor 
R1-10-megohm , 5% resistor 
R2-2.:?-megohm. 5% resistor 
R3-l-megohm. 1% resistor 
R4-IOO.OOO-ohm . 1% resi stor 
R5- 10,000-ohm . 1% resistor 
R&- 100.000-ohm miniature trimmer 

potentiometer 
R7-39,000-ohm . 5'7r resistor 
RS--.-6 ,000-ohm. 5% resistor 
RlJ...-5600-ohm. 5% resistor 
SI-Four-pole. three-position miniature 

slide switch 

ence at approximately half the battery 
potential, or 4.9 volts. 

Construction. The Mil livolter circuit 
can be assembled on either a printed 
c ircuit board or perforated board 
using po int-to-point wiring tech
niques. It can also be housed in a small 
box instead of in a probe housing , al
though the latter is more convenient 
for testing purposes . 

If you use pc wiring aqd plan to 
house the circuit in a probe body, use 
the actual-size etching and drilling 
guide in Fig . 2. Mount a smal l brass 
(not aluminum) angle bracket at the 
battery end of the board , sweat
soldering it into place . Then either 
solder or rivet a female. battery con
nector clip to the bracket. This clip will 
accommodate the positive (+) termi
nal of the battery. Mount and solder 
into place trimmer potentiometer R6, 
about 1/16" (1.6mm) away from the 

Misc.-Suitable probe asse mbly (see 
text); printed circuit or perforated 
board ; battery connector clips : probe 
tip: shielded cable (audio or coax ial) for 
output : miniatu re alligator clip ; brass 
angle bracket ; rubber grommet and 
jJ icone adhesive (optional-see text): 
hookup and test-lead wire: machine 
hardware ; dry-tran fer letteri ng kit : so l
der: e tc . 

Note: The following items are avai lable 
from Dage Scientific Instruments . P.O . 
Box 1054. Livermore. CA 94550: Com
plete kit of parts (less battery and output 
cable connectors) for $1 1.95 plus $1.00 
shipping and handling; RCA No. VS 177 
9.8-volt mercury battery for $2.50. 
California residents, please add sales 
tax . 

surface of the board . This pot mounts 
on the foil side of the board . Mount 
and solder into place all remaining 
components on the blank side of the 
board as shown in Fig. 2. 

Although the input of /C1 is pro

Fi.fJ . .! Ad /{(//- s ize 
.fi1il pattern 1111(/ co111 

puue11t i11sla//atiu11 
1J11 u. hoa rd //rat 

rn11.fi'I a 718" ID 
tube. Tir e pu.~it i r e 

battery clip i.~ 
.~oldaecl lo one end 

1!{' //r e hoard, 
ll'i/lr t!' ire cor111 ecliu11 

to tlw 11eya l ir'C' 
tem li 1wl. 

tected, it is still a MOS device and 
should be handled with care . There
fore , it is best not to handle the IC by its 
leads. Once IC1 is soldered to the 
board pads, all pins will be properly 
terminated and no further safety pre
cautions need be practiced. 

You can use just about any plastic 
tube that has a Ya" (22.2-mm) inner 
diameter and measures S" (12. 7 cm) in 
length to house the pc board assem
bly. If you want to reduce the amount 
of ac pickup , you can use a metal tube, 
but make absolutely certain that none 
of the components on the board touch 
the metal probe body. (Only the com
mon ground circuit should make good 
electrica l contact with the metal tube.) 

Before sliding the circuit assembly 
into the probe body , accurately locate 
and cut a slot in the body for S1 . Pre
pare a length of stranded (preferably 
test-lead) wire ; fasten one end to the 
circuit 's common ground point and to 
the other end attach a small alligator 
clip . 

If your voltmeter· normally uses an 
isolation resistor (usually 1 megohm) 
in its "hot " probe, connect the same 
value resistor in series with the Mil
l ivolter's output pad and output cable. 
You can conveniently mount this re

-----a1+ 

-R?

C 

E~B 

\~ 
........_RS/ l ---. 

-R3... ~I 

..R44 ! •R9.. 

---GNO 

OUTPUT
(LOW) 

PROBE 
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FULL-SCALE CURRENT RANGES 


Shunt Resistor 
1-volt FS 
probe x 100 

3-volt FS 
probe x 100 

1-volt FS 
probe x 10 

3-volt FS 
probe x 10 

none 
100,000 ohms 
1000 ohms 
10 ohms 

1 nA 
100 nA 
10 µA 
1 mA 

3 nA 
300 nA 
30 µA 
3 mA 

10 nA 
1 µA 

100 µA 
10 mA 

30 nA 
3 µA 

300 µA 
30 mA 

sistor on the bottom (foil) side of the 
board . 

Fashion a wood or plastic plug to fit 
the front of the probe body and mount 
a conventional test probe tip in it. Drill 
a hole through the rear of the probe 
body to allow the coaxial output cable 
to pass through. (If you ' re using a tube 
that's open at both ends for the probe 
body , you 'll need another plug; drill 
the cable ex it hole through the plug in 
this case.) The exit hole should be just 
large enough for a snug fit around the 
cable . 

Solder the output cable to the ap
propriate po ints in the Millivolter's 
circuit. You can fashion a strain relief 
for the cable by sliding onto it a snug
fitti ng rubber grommet and fixing the 
grommet into place with silicone 
adhesive . (Trial fit the circuit assembly 
into the probe body to locate where 
along the cable the grommet is to be 
positioned before cementing it into 
place.) 

With S1 set to the OFF position , con
nect the battery to the clip mounted on 
the brass bracket. To the free end of a 
length of hookup wire connected to 
the wiper contact of S10, solder a 
male battery connector. Snap this 
connector onto the negative ( - ) ter
minal of 81 . Then slide the entire cir
cuit assembly into the probe body, 
posit ioning the slider of S1 in the cut
out , and fasten the front plug into 
place with small machine screws . Fi
nally. fit to the conductors at the free 
end of the output cable the appro
priate connector(s) to male with the 
input of your voltmeter . 

Operation. Connect the assembled 
probe to your voltmeter. first selti ng 
the meter to the 1- or 3-volt de range . 
The probe 's output swing w ill be typi
cally 4.5 volts in both the positive and 
negative directions. However, the 
maximum reliable output range 
should be limited to ~ 3volts . Whatthis 
means is that if you were measuring 
voltages with the meter set to a range 
higher than 3 volts. an indication of 4 
volts might represent a saturated out

put and not a true voltage measure
ment. 

Make sure that the pointer of your 
voltmeter is set at mechanical zero 
and to a low de voltage range. Then 
short the ground lead to the probe tip . 
Zero the probe by adjusting R6 (you 'll 
have to partially disassemble the 
probe to do this) in first the x 10 and 
then the 100 positions of S1 . Re
move the ground clip from the probe 
tip and reassemble the probe. A very 
slight negative voltage variation can 
be expected when you remove the 
ground clip from the probe tip. Don 't 
attempt to zero this offset. If you find 
this slight offset objectionable you 
can reduce the value of R1 unti l it dis
appears. 

The Millivolter probe is highly sensi
tive . Just to uching the probe tip with 

be greater than 3.5 Vin both directions 
and g realer than 8 V between the two 
readings. When the voltage drops 
below these levels, it's time to replace 
the battery. 

Accidental application of up to 200 
volts de to the input of the probe will 
not damage the Millivolter's circuit. 
Under no circumstances shou ld you 
apply a voltage to the probe 's output 
lead. 

Other Applications. From Ohm 's 
Law, we know that when 1 µA is flow
ing through a 1-ohm resistor, the vol
tage dropped across the resistor is 1 
µV. If you connect the Millivolter probe 
in series with a circuit (assuming the 
value of R1 is 10 megohms) , you have 
a O-to-1-nA current probe. Since there 
isn 't much demand for such a sensi
tive current scale, you can add ap
propriate shunt resi stors across R1 to 
produce the ranges detailed in the Ta
ble. Keep a supply of 1% resistors of 
the values indicated to use as current 
shunts. 

The probe also makes an ideal nul
ling device for use with a precision 
bridge . If your voltmeter can be set up 
for center-scale zero , the probe will 
turn it into 500-0-500-pA nulling meter. 

VS177 
9 -8 Volts 

P/111/11 s/111"'-~ c·u111p1111 e11f 11101111fi11y cleta if .· w1d lucoliu11 '!{ 
l1111ta11 hra!'kr,l /rn1111 edor ul fell C'lrd r~( pc bocm/. 

your finger is enough to cause the 
meter pointer to peg against its up
scale mechan ical stop. Keep this in 
mind when measuring vo ltages in 
high-impedance circuits . 

Switch S1 should be kept in the OFF 

posi tion when you 're not using the 
probe 's ampl ification function and 
when your meter is stored away . If you 
turn off the probe ($1 set to OFF) when 
not in use and when you 're measuring 
voltages in the bypass mode, you can 
expect the battery to last in excess of 
70 hours when power is actually 
applied to the probe's circuit. (Current 
drain of th e Mill ivolter 's circuit is less 
than 5 mA.) 

You can check the condition of the 
probe 's battery by applying a positive 
and then a negative potentia l great 
enough to drive the probe 's amplifier 
into saturation . The saturation voltage 
al the output of the Millivolter should 

You can use current shunts if this 
range is too sensitive. Resistance in 
the milli-ohm range can be measured 
with the aid of a constant-current 
source pegged at 10 or 100 mA. Full-
scale range will be 100 milliohms on a 
1-volt meter scale with 100 mA test 
current. 

You can also make a megohmmeter 
insulation tester by placing a 10-volt 
constant-voltage source in series with 
the unknown high resistance. while 
measuring the current flow with the 
probe . Resolution of up to 1012 ohms 
is possible with a full-scale reading of 
100,000 megohms. 

All in all, for a very small investment 
and a few hours of assembly time, you 
can build a really versatile Millivolter 
probe that can make an inexpensive 
VOM perform like a laboratory instru
men! that ordinarily costs several 
hundred dollars. ~ 
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BY RANDY J. SOULE 

A Lo -Cost 
A" ME. T 
UGLR LAR 

Self-powered system. f eatures 
adjustable time delay . 

M OS T home intruder/burglar 
alarms emp loy sensors of some 

sort sca ttered throughout the prem
ises which , when tripped , sound a 
loud gong or si ren. Although such 
elaborate alarm systems may be a 
necess ity for pr ivate homes, the 
apartment dwe ller li ving above the 
ground floor can ge t by with a simp ler 
system . With access usua lly l im ited to 
a single door and perhaps one or two 
windows that feed onto a fi re escape, 
on ly a few senso rs are needed . In addi
tion the pierc ing tone of a Sonalert ' 
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Fig. l. Wh 11 ·e11 .~or co11 ta ct.~ <II" ·liol"/ed, the clock os ·i1/at01· start. ILJJ. 

Whe11 Ii Iller w111it. · dc.~in'cl dela!J. ii rn11.·e.· the rdam1 lo .·01111d. 


A I-Alarm (Mallory No. SC-628 Sonalert) 
B 1-9- oil battery 

I. 2-0.1 -µF. 50-voll tantalum ca
p<tciior 

C3--0.2-µF, 50-vol i tanta lum capacitor 
DI- I 914 diode 
I 1-4011 CMO quad 2-inpul A D 

gale I 
I 2.1 5-4001 CMOS quad 2-inpul NOR 

gate I 
IC3-4002 CMOS dua l 4-inpu! NOR g<tte 

I 

will usually be sufficient to alert an 
intruder that he has entered .. pro
tected ·· premises or warn occupants 
and neigh bors of an illegal entry. 

The low-cost apartment burglar 
alarm described here emp loys simple 
sliding metal contacts as sensors. II 
features a built- in selectable lime 
delay of up to eight seconds so that 
you can enter your apartment and dis
arm th e system before the alarm 
sounds. The alarm is battery powered 
so that. even if the power line is cu t , 
full security will be mainta ined . 

The ala rm is armed by operating a 
simple switch. When you leave your 
apartment. you simply open the door 
and arm the alarm. The alarm then 
wa its for the door to c lose , after which 
anyo ne gaining entry through the 

PARTS LIST 

IC4--4015 - Mo dual 4-stage s1a1ic shift 

regi 1er I 


•I. . •2-2 3391 transistor 
RI .R6,R7-IOO.OOO-ohm. !4-walt. Yi~ to l

erance re ·islor 
R2- l-megohm . !4-wall. -'k tolernnce re

sistor 
R3-3.9-megohm. !4-wall. 5'h tolerance 

re istor 

door will irigger the delay circuit. At 
the end of the delay. assum ing the 
alarm hasn ·t been turned o ff. the 
alarm sounds . 

How It Works. The circuit for the 
apartment alarm is shown in Fig. 1. 
When power is turned on. gate IC1A 
init ializes the logic as C7 charges up. 
The IC18 and IC1 C gates form one RS 
flip-f lop and IC2A and IC28 gates form 
another RS fl ip-f lop. These f lip-flops 
·· remember "' if the door was opened or 
closed . respectively. The combinat ion 
of the RS flip-f lop states is presented 
to IC1 Oto latch the IC3A/IC38 circuit. 
The IC3A!IC38 latch provides all the 
proper conditions for triggering the 
alarm contro l flip-flop made up of 
IC2C and /C20. The o utput of this cir 

R4-2.2-megohm. !/.I -watt . 5'k to lerance 
resi tor 

RS-47,000-ohm , !I.I-wait. 5?< tolerance 
resi ·1or 

SI- pst ·witch 
Misc.-Pc1fora1ed board and solder clips: 

I sockets toption<tll: ba11ery connec
tor: sui table enclo ure tLMB-136 or 
similar): nexible aluminum strips (or 
reed switch <t nd magnet) for senso r: 
machine hardware: hookup wire; sol
der: etc. 

cu" turns on the oscillator circuit 
made up of /CSA and ICSB. 

The oscillator supplies clock pulses 
to the IC4 timer and also drives 02 to 
con trol the current flowing through 
the alarm. Transistors 01and02 form 
an AND ci rc uit in which both transis 
tors must be t riggered on for the alarm 
to draw current and sound off. The 
output of the timer IC must be latched 
by ICSC and /CSO before 01 is ener
gized. 

The freq uency of the oscillator is 
about 1 Hz. (II can be changed by ma
n ipulating the va lues of the time
constant compo nents .) Hence. 02 al
lows current to flow through the alarm 
for about a half second. It then turns 
off the alarm for the other half second . 
The actual time delay of /C4's circui t is 
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CIE maybe the answer 

ifyouhave a technical 

aptitude and a serious 

desire to get ahead. 


Right now, yo u'r reading a technica l magazine wi th 
articles that requ ire a certain amo unt of electronics 
know-how. And that says a couple of things about you. 

First, you're involved in lectron ics ... on the job, or 
as a hobby. 

Second, you obviously real ize the importance of staying 
up-to-da te on the latest technical applications and devel 
opments. Readi ng a technica l magazine helps, but it takes 
more than that to get you whe re you want to be ... if 
you're serious about Electron ics. 

How can you afford 
... no/ to continue with your electron ics tra ining? 

You know the answer to that as wel l as we do. 
To ach ieve continuing success, you have to keep bui ld

ing more knowledge into the Electron ics background and 
experience you already have. You have to sharpen the 
tech skills you've already got and add new ones. 

And one of the most logical ways for you to get what 
you need is to seriou ly conside r an in-depth electron ics 
training program that cou ld help yo u achieve you r am
bitions in Electronics. 

How can you afford 
... the ti me and trouble of going back to school? 

An excellent and convenient way for you to deve lop and 
expan d your electron ics knowledge is to "let the school 
come to you." 

CJ E's ind pendent education plan does just that. 
Because we can effectively train you with an "education 
by mai l" electro nics training program that ma ke sense. 
And it makes sense for these reasons : 

You can master career Electronics without missing one 
day or work Without ac rific ing one paycheck! Because 
you study in your free time ... setting the study pace 
that best fits your schedu le You decide when and where 
vou want to study. So you can go right on enjoying your 
leisure Lime because there are no rigid classroom schedules 
to be met. You're in co ntrol! 

How can you afford 
... the expense of the additional education you need? 

A lot depe nds on which ClE course best fits your educa
tiona l goals and background . We have a variety of 
electron ics courses at beginner, intermed iate, and ad 
va 11ced college- level. And there's a conven ient payment 
plan avai lab le for every course. But, one way to evaluate 
your investment in CI E is this ... you can graduate from 
CJ E for about the cost of one years tuition at some 
col leges or universities. 

How can you afford 
... to learn Career Electronics fro m a nyone other than 
an electronics specialist? 

If you are serious about your career in Electronics, you 
owe it to yourself to in estiga te 1he home study school 
that devotes its entire curr iculum and instructional efforts 
to - lectron ics. That's Cl - Cleveland l nstitute of 
Electronics. 

We have specialized exclusively in Electron ic education 
by-ma il for mo re than 40 yea rs. Just Electro nic . Noth ing 
else. And, the cou rses we offer today are the result of 
these years or teach111g experience and proven methods 
of train ing ... all based on the expert gu idance of our 
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Check box for (;.I. 13fll inlrmnal 1w · 

\·et~ ran :\GLi v~· fl ty 

Cleveland Ins titute of Elec tronics , Inc. 
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specialized Electronics Instruction Staff. Our lessons 
reflect this specialized experience. No frills. o unneces
sary fancy stuff. Instruction is thorough . . . designed to 
meet the demands of electronics employers. 

Each CIE course is buil t on the principle that the best 
way for you to learn and retain what you've learned is to 
explain; then to check your understanding ; then to 
reinforce your comprehension with practical application . 
Jn some courses, you will perform experiments and tests 
with your CIE Experimental Electronics Laboratory using 
authentic electronic components and gear. And, if you 
select a course that includes Color TV technology, you 
will not only build and keep a big screen Color TV which 
features digital circuitry ... you' ll also learn how to 
troubleshoot your TV. 

The cour e you select will be a complete educational 
program, de igned by experts to give you the best in 
Electronics independen t home-study education. Jt wil l 
not be a "snap" course. No easy exams. h wi ll make you 
work ... and think. So that when you've earned your 
CIE Diploma, you'll real~v know your stuff. 

In education just like in the "real world" of Electronics, 
your success depends on you and the effort you make. 
That's a real plus in CJ E independent home-study .. . 
you build a strong foundation of self-discipline. And 
that pays off! 

How can you afford ... to stop now? 
There is a lot more to CIE than thi s advertisement can 
tell you. And beca use you're looking for the best we 
think it's well worth yo ur while to find out what CJ E is 

all about. Detailed Courses of Study outlines. In-depth 
training programs in Electronics Technology, Broad
casting, Industrial, Color TV, Engi neering, and lst Class 
FCC License preparation. Special CJE Student Services. 

All thi information is available to you FREE, when 
you mail the card or coupon to us. For your convenience, 
we'll try to have a school representative contact you to 
review the benefits of CJE training and assist in course 
selection. And as soon as we hear from you, we'll mail a 
complete package of information, including our school 
catalog, G. I. Bill details, special FCC License informa
tion. All the facts yo u need to start your Electronics 
career program with Cl E. 

Send TODAY for CIE'S FREE information. 
r--------------------------; 
CIE Cleveland Institute of Electronics, Inc. 

1776 Easi; 17i;h S reet. Cleveland. Ohio 44114 
Acc1ed11ed Member iUlonal Home Study Council 

Yes, I want your FREE school catalog and career information 
package today. 

PE-07I am especially inte rested in: 
O Electronics Technology O Industrial Electronics 
O FCC License Preparation O Electronics Engineering 
O Color TV Maintenance O Other_________ 
O Mobile Communications 

Print Name 

Address Apt . 

C ity 

State Zip Age 

Check box for G.I. Bill information. O Veteran 0 On Act ive Duty 
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HOLE 
FOR 

SCREW 
MTG 

-

- 1 l-11•" 

determined by which output pi n is 
connected to the input or the /C5C/ 
IC5D flip -flop. 

The combina tion of C2 and R2 pro
vides debouncing for the sensor con
tacts to prevent fa lse triggering . Resis 
tor RS insures an easy discharge pa th 
for capacitor C3 to prevent the oscil 
lator from locking up. The va lue of C3 
can be changed if you wish to change 
the clock frequency . 

Transis tors 01 and 02 can si nk 
about 50 mA of cu rrent. which is more 
than sufficient to d rive alarm A 1. If you 
wish to drive a higher current alarm, 
such as a gong or siren , you can insta ll 
a load resisto r in the co llector circuit 
of 02 and pick o ff the ou tpu t of the 
circuit at the resistor/co llector junc

(HINGED 

( MOLD ING) 

STRIPPED WIRE SECURED 
AROUND SCREW HEADS 

SI DE ) 

l-111s" 
!DOOR\ 

----~-

tion to drive a high-power transistor'. 
The h igh-power trans istor w il l. 1 1 turn . 
dr ive th e h igh-cur ren t alarm. 

Diod e 01 protects the logic in the 
alarm ci rcu i t from accidental applica
tion of ·everse batte ry voltage . The 
alarm draws about 100 µA of cu rrent 
when armed and 5 mA when sounding 
the Son alert. With the Sonalert opera t
ing . the battery wi ll deliver several 
hours of power be fore becoming de
pleted . 

Construction. A simple approach to 
assembling the alarm circuit is to use 
perforated board . IC sockets. and sol
der c lips. There is not11 ing critical 
about circui t arrangemen t or parts lo 
cation. Once you have assembled the 

F i!f . .! '/'/11· "<'""u"" ,·1111 Ill' 
11111111' (/'11111 .,111111/ 

i1/11111 i 1111111 .·fritl·'· ur 1111!/ 

111/1(•1· 111<•//11n l irhr •rr• 

cu11 /11cf ,; <11'1' 1·/u.,,'( / 11•/1(' // 

/111' 1/r111r i ., 11/WllC'r/. 

circu it, mount i i in any ty pe of enclo
sure that w ill accommod ate it and the 
battery. 

You can fash ion the sensor from 
pieces of flexib le alu1.1inum strip stock 
as shown in Fig . 2. Alternative ly, you 
ca n use a reed sw itch and magnet (or 
any other type of sensor that provi des 
an open circuit whe n the door is 
open) . 

Mount the circui t box in a location 
where you can get to the arming 
switch with in the delay time. During 
operation, shou ld the alarm be tri pped 
and allowed to operate for more than 
two hou rs, replace the battery. If the 
circu i t is operated only on standby , it 
is good p rac tice to change the battery 
every six months or so . ~ 

ConsumerTested Remedy for Sick Car Performance 

Sparks New Life in Pre-1975 Cars. 


Owners of pre-1975 cars get be tter 
performance with less maintenance 
when they install one of the Mark Ten 
C.D. Electronic Ignition Systems. In 
fact, thousands of users testify the 
Mark Ten has noticeably improved their 
automobile's performance. As a 
California doctor stated after using the 
Mark Ten for 95,000 miles. " ... I can 
'fee l' the difference in performance 
between my conventional 
ignition and the 
Mark Ten . . . " 

Mark Ten Systems* spark each 
plug with 50,000 to 60,000 volts in 
secondary output compared to a mere 
25 ,000 volts in standard and most 
pointless systems. This means dramatic 
incre:1ses in acceleration and general 
engine performance , and substantial 
increases in gasoline mileage. Points 
will last th; li feti me of the rubb ing 
block. Spark plug li fe is extended three 
to ten times due to the hot spark 
generated by the Mark Tens, which 
eliminates fou ling and cleans dirty plugs. 
And the Mark Ten Systems virtually 
eliminate at least 2 out of 3 tuneups! 
Look at what Delta Customer P.S. from 
f\lew York wrote, " ... I might add that 
I nad another unit of yours that has 
been on three cars so far. Each of th" 
cars was driven about 50,000 miles 

before it was 
turned in. Not one 
of the cars ever 
had a new set of 
points, new 
plugs or a 
tune-up. 

CI RCLE HO. 11 OH FREE IHFORM.lllON CA RD 

Now its on the fourth car with 20,000 
miles on it and going strong." 
The result? BIG SAVINGS! 

Send today for your copy of the 
new Delta brochure and learn how a 
Mark Ten System can spark your car 
into new life. 

*Only Delta Products offers a full line 
of C.D. ignitions : The Mark Ten and 
Mark Ten B, available assembled or in 
kit ' 1rm; and ' he Mark Ten C, 
assembled only. 

: 	,.~ ~!L!,A,,~RODUCTS,INc.i 

I Grand Junclion, Colo. 81501 I
I (303) 242-9000 Dept. PE I 
I 	 I want to know more about Mark Ten COi's. I 

Send me complete no-nonsense information on I 
how they can improve lhe performance of my car. 

Name _____________ I 
Address ___________ I 

I 
I 

I City State ip _ _ _ IL ____________ _J 
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BY MILTON L. CHESTNUT 

BUILD THE 

Provides accented beats 
to make tuning and 

syncopation easier. 

JULY 1976 

A METRONOME, whether mechan
ical or electrical in operation , 

provides some sort of audible signal 
on a fairly stable time basis. The 
drawback o f such devices is that there 
is no prov ision fo r accentin g certain 
beats in a measure. The Ultimate 
Metronome described here over
comes this disadvantage by providing 
accented beats. A sw itch is used to 
se lect accents on the basis of 1 in 1 
up to 1 in 7. (1in15 is possible wi th a 
slight alteration.) Beats are indicated 
visual ly (LED) and audib ly. The met
ronome can be bui lt for about $8. 

How It Works. As shown in Fig . 1, the 
main timing sig nal is generated by IC1 
connected as an astable multivibrator. 
The length of time that pin 3 is low 
(near zero volts) is determined by R3 
and C4 , wh ile R3, R4 , R5 , and C4 
determine how long pin 3 is high (near 
+ 5 volts). By adjusting R5 , the output 
frequency can be varied from 30 to 
1000 pu lses per minute. Capacitor C5 
is used to bypass the external modula
tion input. while R1 is a pu ll-up for the 
input to /C2. ThE- latter is a monostable 
multiv ibrator tnat delivers a pu lse 
whose w id th is determined by R2 and 
C3. The pu lse width is independent of 
the input trigger and , with the values 
shown, is about 250 microseconds. 
This insures that both the speaker 
pulse and the /C3 counter input pulse 
wil l always have the same duration 
regardless of the tr igger rate. 
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Fig. 1. Th e 111.ai1t 
timiug is pe1jormeci 

by IC I while !C2, {l I 
and Q2 produce the 

speaker lick or LED I 
pulse. The other 

ele1ne11ls produce th e 
selected beat. 

• A 

12V 

11 7VAe 

B 

E 54 

• 

G 

3 H F RIO 

I RIO 

J 0 IK 

K 

7 L 

8 M 

RI 
2K 

C5 
.OlpF 

res 
L M309 

e2 
300pF 

C 1-500-µF , 16-V electrolytic capaci tor 
C2-300-µF , 10-V electrolytic capacitor 
C3-0. 1-µF, 50-V ceramic disc capacitor 
C4-I O-µF . 6-V low-leakage electrolytic 

capacitor 
C5- 0.0l-µF . 50-V ceramic disc capac itor 
(6-1-µF ceramic capacitor 
IC 1-555 timer 
IC2.IC~74121 
IC3-74197 
I 4-74154 

PARTS LIST 

IC6-LM309, _--v. I-A regulator 
LED I .LED2-Red light emitting diode 
\) 1.\)2--Gencral-pu rpose transis tor npn 

(2N 388 or similar) 
<)3--Genera l-purpose transis to r pnp 

(2N404 or similar) 
R l-2000-ohm \-2- W, 10% resistor 
R2. R4-3900-ohm . !.-2-W . IO'fl. resistor 
R3-10.000-ohm , Vi-W , 107c resisto r 
R5-2"0.000-ohm , linear-tape r po ten

tiomete r 

R6, R7. R8--1500-ohm. 1/2-W. 10% re istor 
R9. R IO- IOOO-oh m. \12-W. 10% resistor 
SI to 54- pst swi tch 
s~ ingle-pole. 8-posi tion. non shorting 

rota ry switch 
PKR-8-ohm. 2" speaker 

T 1- 12-volt , 300-mA Iran former (Radio 
Shack 273- 138 or similar) 

Misc.- uitable enclosure , line cord. 
gro mmet. sw itch knob , mounting 
ha rdware. etc . 

T3 T4 

rc1, PIN 3 

IC2,PIN I 

rC2 , P IN 6 

rc3, PIN 5 

IC3, PIN 9 

rC3, PIN 2 

IC4 , PIN 6 
re~. PIN I 

re~ . PIN .6 

SPKR ~ ~ ~ ~ ~ .. .. 
Fig . 2 Ti111 i11g 11·o ue,/i1rn1s for !Ir r 111 >tm11u111e. 

The positive-go ing pu lse from IC2 
(pin 6) drives 01 into conduction and , 
when S2 is open , causes LED1 to 
glow. When 01 conducts. it also 
forward-biases 03 . causing a current 
surge through the speaker (when S4 is 
closed) . Th is provides the main beat. 

To generate the accented beat, the 
output from IC2 (pin 1) is fed to the 
clock-1 (pin 8) input of IC3 , a 
binary-counter/ latch . As shown in the 
timing diagram in Fig . 2. the /C3 
output on pin 5 changes state with 
each inpu t pulse . Pin 9 changes state 
every other input pulse, pin 2 every 
fourth input pulse , and pin 12 every 
eigh th input pulse (not shown in Fig. 
2) . These four outputs thus make up a 
4-bit binary count of the number of 1 
input pulses to /C3. 

The four ou tputs are appl ied to IC4 , 
a 4-to-16 decoder. The sixteen outputs 
of IC4 provide binary combinations 
from 0000 to 1111 of dec ima l 0 to 15. 
With the circuit shown in Fig. 1, only 
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the first 7 of these outputs can be 
selected by S5. The timing in Fig . 2 
assumes that SS is set to position 5 so 
that the accent pulse will occur every 5 
beats. 

The signal selected by SS is used to 
trigger /C5, a monostable multivi
brator that operates like /C2 except 
that the timing components (RB, C6) 
are selected to produce an output 
pulse of about 1 ms (instead of the 250 e The Allison OPTO-ELECTRIC System ELIM INATES the * PROVEN RELIABILITY 
µs of /C2) . When pin 6 of IC5 goes Points and Condense r. replacing them with an OPTO ~~~~"'Fa ctory Tested to 15,000 RPM.Eiectronic Trigger, using a L1ght-Emitt1ng Diode and • · .. - Road and Race PROVENhigh, Q1 is driven into saturation , Phototransistor. This System operates on a SEAM ol LIGHT g . · '\ ' (Opto-Electric Systems Won alThere 1s NO " Breaker-Point Wiper-Arm " to wear down,causing LED2 to glow (S3 open) for Q " INOY Two Years In a Row)Poinl bounce and erosion are completely eliminated therebyabout 750 ms after Q1 has stopped 

giving longer Timing ACCURACY than any System using * ORDER with CONFIDENCE ... 
"Mechanical" Breaker-Points. (and No T1mmg Fluctuationconducting due to the main beat. This on1y:s59~5 
as with Magnetic Impulse Units) ACCURATE Timing gives FACTORY-BACKED 10-YEAR

action causes the speaker to produce the BEST in Engine EFFICIENCY . and that's the name ol Free Repair or Replacement on ANY COMPLETE
lhe Game lor the BEST In GAS MILEAGE and ECONOMY. Delec1s in Materials or Workmanshipa louder tone. When pin 6 of /CS goes (C•lll. Res . add T"I 
• The Allison's "Built-In" OWELL never needs ad1ustment. --(r .•. that's EVERYTHING! 
it is PRE-SET to supply the OPTIMUM Perlormance al BOTH * SAVEi ORDER FACTORY DIRECThigh , pin 1 goes low, resett ing /C3 to a 

Including
H!Qh and Low speeds. The RPM capability ol the " DPTOzero output. The next pulse from /C2 Postage & Insurance.• Send Chee or M.O ELECTRIC" unit exceeds that of any known au1omo1ive in

Slate Make . Year. Engine Size. (4 , 6. or 8-cylinder)then counts as the first beat of the next ternal combustion engine. Pos11ive spark rn1ens11y and 
duration helps ehmin,;te " m1shre" and extends the • You may use your MASTER CHARGE or BANKAMERICARD. 
Spark-Plug life . Send us (1) Your Number. (2) Interbank No, (3) Exp Date

series of pulses. This same action 
takes place regardless of the beats per e The Allison " OPTO·ELECTRIC" was engineered o OUT· MC or BA Card Holders, ORO ER by TOLL FREEPHONE: 

LAST the LIFE OF YOUR CAR Only the Highest Grade \800) 423·6525. Ext. 2 (Wilen mConunental US A ) 
Solid·Slale Components are used . UNAFFECTED by o Before Buying any other Type ignition system ... 

minute or the setting of S5 . 
When S5 is in the F posit ion. the Moistu re or Vibration1 Easier engine starling under ANY Send Postcard for our FREE BROCHURE. 

trigger input of /CS (pins 3 and 4) is Weather Condition. Solid , DEPENDABLE PERFORMANCE * 11 you have already installed a "Capac1tive·Orscnarge " lgn itron* Installed in your 01stributor in same locahon as Points. Modernize and Increase lls Ettlclency ...held high by R10 to prevent any COMPLETE INSTRUCTIONS FURNISHED. CONVERT YOUR "C·D" UNIT TO BREAKERLESS! 
rl 01 Necemrvro Orsmanllevour OOSlf<Oulorl Oplo·Eleclrlc "TRIGGER UNIT", . , Only $34 .95 . 

e America's Oldest and Largest Manulaclurer of Oplo-Eleclronic Ignition Syst ems. 
possibility of a stray accented beat. 
This also permits the use of the circuit 
as a conventional metronome. With SS 
in position G, every beat is accented to 

provi de a volume increase. As men- r,;;;;;;==========;;;;;;;;:;;;~;;;;;;;;;;;;;:;;;;;:;;:;;;=========~ 
tioned befo re . other outputs of /C4 
and other posit ions of S5 can be used 
to select accented beats up to a rate of 
1 in 15. 

Construction. Any type of construc
t ion can be used to build the 
metronome ; and surplus or junkbox 
components wi ll do. However, the 
LED 's should be selected to r sim ilar 
li ght output. The size of the trans
former given in the Parts List wil l fit on 
a pc board . Mount the finished board 
in a small enclosu re with the switches , 
R5 and LED 's on the cover. Punch 
some holes in the cover fo r the 
speaker. 

Calibration. Close S1 and S4 and set 
RS to midsca le with SS in position F. 
Count the number of beats pe r minute 
(checking the opera tion of LED 1 at the 
same t ime). Calibrate the d ial of RS 
according ly. At higher speeds, use the 
accented beat to count. For example, 
with a 1-in-5 accent, count 27 ac
cented beats in 60 seconds with RS set 
for 135 beats per minute. 

LED1 is for the main beat, wh ile 
LED2 displays the accented beat. If 
you don 't need these indicators, they 
and their associated switches can be 
omitted. ~ 

Sll~E~E TH E COMPUTER PEOPLE WITH THE LINE OF 

COMPLETE. VERSATILE . EXPANDABLE. EASY-TO-USE , COMPU TER$ __ _ 

........ The 4K ROM BOARD ,... ,... 
A 4000 bytes Read Only Memory ( ROM ) bo;u d fc:;.uuring : 

INST ANT CALL UP as y ou tum tke powe r on {No mo re tedious pH:1 g1;;unm 1ng or the mo·u used p ro gr:uns I 

NO LOSS OF P ROGR AM as tk c po wer ·i tu rn ed off (Your PROGRAM i s ;:i.lw:tys d1e rc .) 

A MEMORY BOAR D designed to use the 1702A progra.mm;iblc ROMS (2S6 byics per ROM. I 

A BOA RO comple tely assembled 3nd tes ted with the SOCKETS for the PROMS already mounted 

SIM P L Y P LU G IN ON E OF- THE APPLICAT IOHS PROMS avail:\ble from SPHERE 011nsertyour own 
~pec1:.tlly p ro t r;:unined pro m and with powN•Otl 1r11med1 =ttc jy be,Kin pl aymg that computer ~M'le or us ing 

your own appl 1cation 

T H E .:iK RO BOARD m;iy be p l uu:'-'d 11ctit m to the n:.nd:u d SPHE RE comp u ter bus cable. 

TWO SPECIA LL Y P ROGRAMMED ROHS NO W A VA I LABLE FROM SPHERE aro: 

The GAH E OF LIFE • I chip) S30 Oil This rrogr3!111Hov1dcs either :1 ccner.~u1an ;u a time solutio n 
or 3 coiui 11 uous dy1"1:ur11 c so lution of the LIFE a. li:o rllh1 m Available in VJA. YJN , SOOS ve r sion 

TELETYPE HAUD L ER ( l ch1p} Sl!l l')I) Allows paper tape trans1111ssion of chi.ta on t€!1ctypc . 

A va.il3bl e in VJA, V)N vt r $tons. 

Co nt:1ct SPHERE for spcdaJ prc g ra1nn11ng P' ices ai1d arr;uigemcnts 

-1 K ROH BOAR O(w o roms) Sl 5.6 Ofl 

onpro gr=immed ROHS 515 00 

WHAT A POWERFUL , VERSATILE . 
EXPANDABLE. EASY-TO-USE, 
COMPUTER YOU H AVE WHEN ... vw CORPORATIOf\J 
YOU GET IT ALL TOGE THER 
FROM SPHERE ... THE COMPUTER 
PEOPL E! ! (801) 292-8466 

~Sll~E~E 
940 North 400 East • No,th Salt La ke. Utah 84054 

~@., 
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IF YOU'RE NOT DESIGNING 

WITH ACSC PROTO-BOARD,LOOK 


AT ALLYOU'RE MISSING. 

Accessibility-All parts are 
instantly and easily accessib le . fo r 
quick signal tracing. circuitUtility - Models are available modif ications. etc.with or without built- in regu lated Variety -A wide variety o f 

power supplies (f ixe d o r models are available with 
adjustab le) . capaci t ies ranging from 630 to 

3060 solderless tie-points (6 to 32 
Economy -El iminate heat and 14-pin DI P's), to fit every technical 
mechanical damage to expe nsi ve and budg et requirement . 
parts . Save money by re-using 
components . 

Versatility - Use with virtually all 

types of parts. including resi stors . 

capacitors, transistors. DI P's. 

T0-5 's. LED 's. transformers . 

relays, pots. etc. Most p lug in 

d irectly, in seconds. 


Durablllly -All Proto-Board 

models a re ca refully constructed 

ot premiu m materials. designed 

and tested for long, trouble-free 

service. 


Expandablllly - Proto-Board 
units can be instantly inter
connected for greate r capacity. 

Vlslblllty - All parts 
are instantly and easily Whatever type of visible , for quick circui t 
analysis and d iagramming . electronic circuits you 

work with, you can do 
more in less time with 

CSC's solderless Proto
Board systems. As fast and 

easy as pushing in or pull ing out 
a lead, you can design, test and Speed -Assemble. 


test and modify circuits mod ify circuits at wi ll. Com

as fast as you can push 
 ponents plug into rugged 5-point in or pull out a lead. 

$ave hours on every termina ls, and jumpers, where 

project . 
 needed, are lengths of #22 AWG 

solid wire. In the same time you took 
to read this ad, you cou\d be we\\ on 

your way to assembling a new circuit. 
Adaplablllty-Use in design, For more information, see your CSC packaging, inspection . OC. etc. 

Works with most types of circuits. dealer, or write for our catalog and 

in many, many app lications. distributor list. 

Flexibility-Use independently, 
or in conjunction with other CSC PROTO·BOARD SOLDERLESS BREADBOARDSaccessories. such as scopes. 

counte rs. CSC Proto-Clip"' 

connectors, Design Mate '" test 

equipment, etc . One Proto-Board NO. OF 

uni t can serve a thousand MODEL SOLDEALESS IC CAPACITY MANUFACTURER'S OTHER 
applications. NUMBER TIE-POINTS (14-PIN DIP'S) SUGG LIST FEATURES 

PB·6 630 6 S15.95 Kit- lO·minu1e assembly 

PB-100 760 10 19.95 Kil - wilh large< capacily 

PB·IO \ 940 10 29.95 Bdis1Jibu1ion buses. 
higher capacity 

PB·102 t240 12 39.95 Large capacity, moder ale 
price 

PB-103 2250 24 59.95 Even larger capacily: only 
2.7e per 1ie·ooin1 

EASY DOES IT 
PB·104 3060 32 79.95 Larges! capacity: lowesl44 Kendall Street. Box 1942 price per tie·poim New Haven. CT 06509 • 203-624-3103 TWX: 710-465-1227 

West Coast office: Box 7809, San Francisco. CA PB·203 2250 24 75.00 Bui lt· in 1%·regulaled 
94119 • 415-421-8872 TWX: 9 10-372-7992 5V. lA low-ripple power 

Canada: Len F inkler Ltd.. Ontario supply 

PB·203A 2250 24 120.00 As above plus separale 'k-amp 
+15V and - 15V inlernally 
adjustable regulated POwer© 1976Conlinenta l Specialt ies Corp. 


Prices and specifications subject to change without notice. 
 supplies 
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Diagrams courtesy Blonder-Tongue Labs .. Inc.. ~ 
~ 

~ 

~ 
~ I T DOESN 'T matter how good 

your TV or FM rece iver is, if you are 
in a difficult reception are.a, you r an
tenna system has to be satisfactory. 
Choosing an antenna that will fill your 
needs requires an understanding of 
antenna characteristics and a knowl
edge of local reception cond itions. 
Using any other criteria will almost 
certainly lead to an improper choice. 

In buying an antenna, remember to 
consider it as a system consisting of 
the bas ic antenna, mounting and 
erecting hardware, transmission line, 
and signal booster/splitter (if needed). 
Everyth ing in the system, from the an
tenna to the input terminals on your 
rece iver, must be selected to provide 
max imum signal transfer. Although 
this is important for any type of TV 
reception , it becomes increasing ly so 
when deal ing with color and fringe 
areas. 

There are many electrical and 
mechanical characteristics of anten
nas that are important to making an 
intelligent cho ice. 

By The Numbers. The one specifi
cat ion that is almost always included 
in the description of an antenna is the 
number of elements it has. As a ru le, 
for a given design, the greater the 
number of elements, the greater the 
antenna's gain and the more signal 
captured . For all-band antennas, the 
numbers of vhf and uhf elements are 
generally specif ied separately. 

Most reputable antenna manufac
turers and retailers give an honest 
element count , but it pays to know 
how to count them properly . This may 
not be as simp le as it sounds because 
of the con figurations of some modern 
antennas. For example, the log-. 
period ic type (Fig. 1) has its elements 
angled forward to improve high
frequency response. The antenna is 
fed at the front end and uses a double 
boom (instead of transposing the feed 
line that connects to the various ele
ments) . Connecting the ind ividual an
tenna rods to the upper and lower 
boom elements effectively transposes 
or crosses the feedl ine connections. 
The two boom elements are insulated 
from the supporting mast. The design 
of the antenna, as well as the angle at 
which it is drawn, might make it d if-BY JULIUS GREEN 
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Fig. J. Five-eleme 11 I 
antemw arl'Ciy is 

j [)'I' ultFonly recepfioll . 

ficult for a person not familiar with this 
antenna to make a proper element 
count. 

A reputable manufacturer and re
tailer would list theantenna in Fig.1 as 
a five-element array. Each of the two 
rods that make up a single element is 
connected to the top and bottom of 
the boom. (A single element is a dipole 
consisting of two antenna rods.) If you 
were to view this antenna directly from 
top or bottom, the five-element struc
ture would be very clear. One way to 
count the number of elements is to 
tally then umber of rods on one side of 
the boom . Alternative ly, you can count 
all elements on the boom (in the case 
of Fig . 1, both booms) and divide the 
number by two. 

In Fig . 2 is illustrated an all-channel 
(vhf/uhf) TV antenna. The vhf section , 
located at the rear of the boom, con
sists of the long element rods and is 
similar to the antenna in Fig . 1. For
ward of the vhf section is an array of 
element rods that make up the uhf sec
tion of the antenna. Note that the uhf 
rods are much shorter than those for 
vhf. If you count the number of rods 
visible on one side of the boom, the 
tally should come to 16 elements. Five 
of these are in the vhf section and the 
remaining 11 are in the uhf section . 

The all-channel antenna illustrated 
in Fig. 3 consists of three sections. At 
the rear is the usual vhf section con
taining five elements . In the center is 
the 11-element uhf section. Sticking 
out in front is a 10-element array of uhf 
di rectors . The directors are passive 
elements that are not connected di
rectly to the antenna lead-in as are the 
other two antenna sections. Even so, 
they help to increase the gain on the 
uhf TV channels. 

All elements that are directly con
nected to the lead-in cable (transmis
sion line) are called driven elements. 
Any element not connected to the 
lead-in is termed parasitic. The an
tenna in Fig . 3, therefore, consists of 
five driven vhf, 11 driven uhf, and 10 
parasitic elements. The parasitic ele
ments are electrically coupled to the 
other uhf elements by induction. All 
told , this antenna has 26 dipole ele
ments. 

A chart that re lates the gain of a TV 
antenna to its overall boom length is 
shown in Fig . 4. Th is chart is for 
vhf/FM antennas only; for vhf/FM/uhf 
antennas, subtract 1.5 dB from the fig
ures given along the vertical axis. 
Note also that this chart assumes a 
high-quality antenna. with elements 
spaced about 12" (30.5 cm) apart on 
the boom. 

Importance of Gain. One of the 
most important antenna specs to look 
for is gain . As with most electronic de
vices, antenna gain is stated in deci
bels (dB) . When comparing gain 
specifications, be sure that you know 
what reference signals were used to 
derive the gain figures. 

The usual reference is the signal de
livered by a simple half-wave dipole 
that is resonant at the frequency of the 
particular channel at which the anten
na's gain is measured . The antenna in 
Fig . 2 has a gain of about 1.3 dB on 
Channel 2. The gain rises smoothly to 
about 3.3 dB at Channel 6 as shown in 

Fig . 5. Then on the high-band vhf 
channels , this antenna's gain is about 
3.6 dB on Channel 7 and rises to about 
5 dB on Channel 13. A gain of 6 dB 
would mean that the antenna delivers 
twice the voltage or four times the 
power compared to the levels deliv
ered by a single dipole cut to the 
specific frequency of the channel on 
which you want to specify the gain . 

The uhf portion of the antenna in 
Fig . 2 has a gain between 6 and 10 dB 
over the entire uhfTVrange(Channels 
14 throug h 83) . 

Occasionally, a manufacturer 
quotes gain figures with reference to a 
theoretical isotropic antenna instead 
of a simple dipole. Such an antenna 
receives signals equally from all direc
tions, while a standard full -size dipole 
receives in a figure-eight pattern . The 
dipole has a 2.16-dB gain over the 
theoretical isotropic antenna. This 
means that, to compare different an
tennas with gains stated at different 
references, you have to add 2.16 dB to 
the stated dipole-reference figures or 
subtract 2.16 dB from isotropic an
tenna reference figures . 

Front-to-Back Ratio. The conven
tional dipole antenna receives signals 
equally well from transm itters located 
to the front and rear (along a line per
pendicular to the axis of the antenna) . 
Little or no signal is received along the 
axis of the antenna. By adding more 
and more properly designed and con
nected elements to a basic dipole , the 
antenna becomes more and more di
rectional , favoring reception from the 
front at the expense of the rear. Hence, 
a multi-element antenna array can 
also be defined by a " 1ron\-to-back 
ratio " (FIB). An Electronics Industries 
Association (EIA) committee has ten
tatively defined F/B as the ratio in 
decibels of the gain of the peak of the 
main forward lobe to the gain of the 
peak of the largest lobe in the rear. 

Fig . 2. tllbby elements 
m·e f 01· ll hf reception . 
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Fig . J. Vl~/lnhf antem1a 
has pass ive ul(( 

dii'ector element · in 
ji·ont of acti ve 

ii.hf elemenls (center) . 

By measuring the angle between the 
two points at which the field strength 
voltage is 70% of maximum , the an
tenna's beamwidth can be measured. 
At these points, the power received is 
50% of maximum, or 3 dB down . In 
general , the greater the gain of an an
tenna , the greater its directivity and 
the narrower is beamwidth. In addit ion 
to more desired signal delivery to the 
receiver, a highly directional antenna 
is less prone to picking up electrical 
interference (noise) and undesired 
signals off to the sides. 

The directional characteristics of 
the antenna in Fig . 2 are shown in 
polar form in Fig. 5. Th is antenna has a 
beamwidth of about 76° on the vhf low, 
31 ° on the vhf high , and 58° on the uhf 
bands. If the beamwidth is very nar
row , the antenna must be precisely 
aligned with the distant transmitting 
antenna. Hence, if you ' re in a fringe 
reception area with transmi tiers lo
cated in different directions, your nar
row beamwidth antenna system will 
have lo include an antenna rotator to 
aim the antenna in the proper di rec
tions. An antenna with a broad beam
wid th usually has lower gain and is 
less critical to align . 

In addition to the main lobe, there 
are frequently a number of side and 
rear lobes which can pick up un
wanted signals. It is possib le to align 
such antennas so that a null between 
lobes is in line with an interfering sig
na l. Of course, this may mean that the 
main lobe is slightly off-axis with the 
transmitter , w ith a loss of gai n. 
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A high FIB ratio can cure two types 
of picture in te rference . One is electri
cal interference from motors , veh icle 
ignition systems, and power lines. 
which shows up as dots and streaks 
across the screen. The other is unde
sired signals (TV and radio stations on 
the same or adjacent channel and 
strong local FM stations) which pro
duce a fa i rly regular herringbone or 
" venetian-blind " pattern . However, 
the improvement can occur only if the 
sou rce of the interference is to the rear 
or sides of the antenna. If the interfer
ence originates between the tra nsmit
ter and receiver antennas and within 
the beamwidth pattern of the la tter's 
major lobe, some other means must 
be used to clear up the problem. 

System Impedance. The imped
ance of a TV antenna is usually 300 or 
75 ohms. Maximum signal transfer 
from antenna to TV receiver can occur 
on ly if the impedance of the antenna is 

g_ " 

'i; 

"' 
~ 
0 
IIl 
'.!'. 
c:... 
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matched with the impedance of the 
line and the impedance of the line is, in 
turn , matched to the input impedance 
of the receiver. 

In a mismatched system - such as 
when a 75-ohm lead- in cable is used to 
couple a 300-ohm antenna to a re
ce iver's 300-ohm input - some of the 
signal being picked up by the antenna 
will not be transferred to the lead-in. 
What is more , that portion of the signal 
that does find its way into the lead-in 
encounters a mismatch at the receiver 
end. As a result , the signal bounces 
back and forth along the line, and 
standing waves are set up, with peaks 
and dips that do not move along the 
line . There is a consequent power loss 
and improper operation ; and an an
tenna with a narrow beamwidth and 
high gain may actually deliver much 
less signal strength than is possible . 

If you must use 75-ohm coaxial 
cable between a 300-ohm antenna and 
a 300-ohm receiver input , use imped
ance matching transformers at both 
ends of the line . While such trans
fo rmers may introduce losses on the 
order of 1 dB, the resul ts will be much 
better than if you left a mismatch in the 
system . 

Selecting a Lead-in. Among the 
factors th at determine the type of 
lead-in to use in your antenna system 
are interference environment, line 
losses, ease of installation , durability, 
and cost . Where interference pickup 
must be kept to an absolute minimum, 

7 1--l--11--+---+-+--+_...,..~"""' 

100 120 100 160 180 200 

Overall Length (inches) 

Fig. 4. Chmt 1·elate ·antenna gain to overall boom length. 
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75-ohm coax ial cable is better than 
300-ohm twinlead , but the former is 
more lossy. Coax is also superior 
when it comes to ease of installation 
and durability. The one main advan
tage to twinlead is that it has lower 
loss (when dry) than coax. 

If your reception location is in an 
urban area or near power lines, the 
limiting factor on picture quality will 
most likely be interference from 
appliance motors, ignition noise , and 
corona from power lines . In this case , 
a shielded coaxial cable should be 
used. The shielded line, in combina
tion with an antenna that has a good 
FIB ratio , will also minimize her
ringbone and venetian-blind in terfer
ence from undesired TV and FM sig
nals . Properly installed, a coaxial 
cab le feedline will outlast your TV re
ceiver. 

In the cases where the lead-in run is 
very long and loca l reception is free of 
interference but weak in signal 
strength , a quality 300-ohm twinlead 
li ne will result in minimum losses and 
reduce picture snow and confetti. 
When you insta ll the twinlead line, you 
will have to use standoffs to keep it 
several inches away from all meta l ob
jects. After instal lation , the line should 

be inspected periodically for deterior
ation. 

One piece of advice when it comes 
to selecting lead-in cable: Don 't com
promise on quality. When the extra 

cost - only pennies per foot - is 
weighed against the labor involved in 
replacing the lead-in at frequent inter
va ls , the use of low-quality line is only 
poor economy. 
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Operating Range. It is almost im
possible to accurately predict the ac
tual operating range of a given an
tenna because of variables in terrain, 
signal conditions. etc. Over flat, un
obstructed ter ra in, the operating 
range will always be greater than if TV 
signals must follow a path through 
dense foliage, a large grouping of 
buildings, and around hills and moun
tains. Of course , the distance from the 
transmitting antenna and how much 
power is being radiated are important. 
The sensitivity of your TV receiver will 
make a difference too. 

A rough guide to typical operating 
range over average terrain for the 
simplest and least expensive vhf-only 
antennas is about 25 miles (40 km) . 
The highest gain vhf/uhf antennas 
often have a usable range limit of 80 to 
100 miles (130 to 160 km) . Needless to 
say, these ranges are for typical roof
top antenna installations. They can be 
considerably increased if you mount 
the antenna atop a tall multi-section 
mast or tower. If you can mount your 
antenna above the height of the tallest 
nearby structure , you'll get the 
maximum benefit for your local signal 
conditions . 

The graph shown in Fig. 6 rela tes 
the approximate gain required to the 
distance (operating range) of a TV an
tenna. A snow-free picture should be 
obtainable at a distance of about 60 
miles (90 km). At 80 miles (130 km) and 
beyond , there is usually rap id dete
rioration in reception conditions , 
especially on the high vhf band , due to 
lack of line-of-sight conditions. 

Signal Boosters. Poor picture qual
ity as a result of weak signals and 

thermal noise, can usually be reme
died with the aid of a signal booster 
(preamplifier). the improvement ob
tained will depend on the gain of the 
booster and the length of the lead-in. 
The signal-to-noise ratio (S/N) of the 
antenna itself general ly being fairly 
good . you can install the booster at the 
antenna, at the TV rece iver, or any
where along the lead-in that proves 
convenient. (The use of a booster is 
also recommended whenever you 
plan to use a single antenna system to 
feed two or more TV and/or FM receiv
ers, whether or not only one receiver 
will be turned on at any given time.) 

If your lead-in is picking up interfe r
ence signals , mount the booster at the 
antenna end of the line. By increasing 
the gain of only the desired signal , the 
booster effectively improves the S/N 
ratio of the system . Bear in mind that, 
if the antenna is picking up interfer
ence directly, no amount of signal 
boosting will clear up the problem ; 
any boosting of the signal will also re
sult in an equa l boost in the noise and 
produce a constant S/N. 

Fig. . Complex mu/Ii
element antennas 
like this can ha ue booms 
11p to JJ1A • long. 

The size of the antenna, the mate
rials used in its construction , and the 
finish applied to it to make it resistive 
to the elements determine the anten
na's durability. Wa ll thickness of the 
tubing used for the boom and ele
ments should be given special atten
tion . The thicker the walls , the more 
durable the antenna. 

Once you know exact ly where 
you 're going to mount the antenna, 
make sure that it wil l be unobstructed 
by nearby obstacles. Select an an
tenna with the proper electrical 
characteristics and a boom length to 
fit your needs. The longer the boom, 
the more elements it can accommo
date and the heavier the antenna. TV 
antenna booms range in length from 
25" (0.64 m) for the simple two
element vhf antenna shown in Fig . 7 to 
as much as 159" (4 m) for the elaborate 
31-element all-band antenna shown in 
Fig. 8. 

The turning rad ius of a TV antenna 
becomes important when you plan to 
use a rotator. The antenna must be al
lowed to swing around in a full circle 
without encountering obstructions. 
You can measure the turning radius 
from the tip of the longest vhf element 
(farthest to the rear) to the pivot point , 
or the point where the antenna's boom 
fastens to the mast. 

A Look At Prices. While it's not 
exactly a " specification," price should 
be an important-and well -under
stood-consideration . Be sure you 
know exactly what's included in the 
quoted price of an antenna. In most 
cases, the stated price is for the an
tenna alone. However. in a few cases , 
it might include some mounting 
hardware, perhaps a short mast, 
sometimes a length of lead-in cable, 
and, in some rare cases , a vhf/uh f or 
vhf/FM/uhf splitter. 

Be prepared to pay premium prices 
for premium-quality antennas. Top
quality materials and construction 
cost more , but they will prove a sounci 
investment in the long run . ~ 

Fig. 7. Simple vl(ronly 
antenna lza.s shorl bou111 
that r quires 111inim11.111 

space fo1· 11101111/ing. 

JULY 1976 

Mechanical Specifications. In 
most cases , the mechanica l specifica
tions for an antenna are not given . 
They are, however, almost as impor
tant as the antenna 's electrical 
specifications because they have a di
rect bearing on the useful life of the 
antenna. They determine the anten
na's abi lity to withstand high winds , 
snow and ice loading , heat. and any
thing else that might cause physical 
damage to the antenna. 
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Product 
Test Reports 

ABOUT THIS MONTH'S HI-Fl REPORTS 

Stereo receivers in a given p1·ice range tend lo have very similar specifica
tions and featurns, as well as a strong physical 1·esemblance to each other. 
However, among this lm·ge group of components, some am "m01·e equal 
than others". The Nikko Model 7075 is an excellent exam ple of untlS'l.Lally 
high perfcn-mance fl'om one of ~l~e lesser-kno.wn bran~s. . . . 

Modern receivers and a111plijiers are eq1upped to m.te1jace with a wide 
vcm:ety of signal processing access01·ies. The Pioneer Mode_l SF-850 ..elec
trnn'ic c1·ossove1· is a highly versati le two- or thrne-way ad1ustable j ilter, 
wh ich is placed in the sigiml path ahead of the powe1· amplifiers. Driving 
each of the speake·1· g1'onps i11 a 11m lt i-way system fl'oni its own aniplijfor 
avoids most of the dislo1'tio11 attribnted to passive Cl'ossover networks, and 
the P ioneer system gives the n.se1· a wide cho ice ofcrossoverfl'equencies and 
(ilte1' slopes . 
· The othe1· prodnct f.ested is a.n octave-band graplric eqiLalizer. The re
nim·kably compact M X R eq nalizer adjusts the response for each channel in 
JO sepamtefrequency bands. Jn the 1·eal world, onr listening rooms , spea_k
e·1·s, and program son·1·ces are mrely ''. flat " in their fl"equency characteris
tics, but this handy accessory can go a long way toward correcting ciny 
rnsponse abermtio11s. 

-Julian D. Hirsch 

NIKKO MODEL 7075 AM/STEREO FM RECEIVER 
Medium-priced receit1er , exce llent p e1fo r111a11 ce . 

t • . 
- ~ r . 

• 

The Nikko Model 
7075 AM/stereo 
FM receive r fea
tures a full com
plement of op

erating controls , extensive use of in
tegrated circuits , and performance of 
the highest order . Th e audio 
amplifiers are rated at 38 watts/ 
channel into 8 ohms with both chan
nels driven over a frequency range of 
20 to 20,000 Hz, with less than 0.5% 
total harmonic distortion (THO). The 
FM tuner's sensitivity is rated at 1.9 µV, 
the alternate-channel selectivity at 65 

dB, and distortion at less than 0.2% in 
mono and 0.4% in stereo. 

The receiver's extensive use of IC's 
results in a relatively inexpensive prod
uct. Following three pairs of linear
phase ceramic i-f filters in the FM 
tuner section, a single IC supplies vir
tually all the required gain , limiting, 
muting , and quadrature detection . 
Another IC, a phase-locked loop 
(PLL), supplies multiplex detection, 
while still another IC performs all the 
functions of the entire active portion 
of the AM tuner. In the audio section, 
an operational amplifier IC serves as a 

feedback-type tone-control amplifier. 
The power amplifiers are composed of 
discrete elements and employ direct 
coupling all the way to the speakers. 
The outputs are complementary sym
metry . 

Supplied in a walnut-veneered 
wood cabinet, the receiver measures 
19" W x 16" D x 63/a" H (48.3 x 40.6 x 
16.2 cm) and weighs approximately 
26.4 lb (12 kg). Price is $399.95. 

General Description. The receiv
er 's front panel is conventional in ap
pearance with a satin gold finish and 
matching control knobs and switch 
levers. A " blackout" dial area across 
the upper portion of the panel has be
hind it the blue-illuminated FM and 
AM dial scales, large center-channel 
FM tuning and relative signal-strength 
meters, and illuminated legends that 
identify the selected program source. 
The last correspond to the settings of 
the input SELECTOR switch : AM, FM, 

PHONO , MIC, AUX, and DUB (for copying 
from one tape recorder to another) . A 
red STEREO indicator above the dial 
area comes on when a stereo FM sig
nal is received . 

Lever switches control the POWER , 

LOW and HIGH cut filters , LOUDNESS 

compensation , FM MUTING' STEREO/ 

MONO mode select , and TAPE 

MONITOR functions, the last from 
either of two decks that can be con
nected via jacks on the rear of the re
ceiver. The SPEAKERS control allows 
selection of either, both , or neither of 
two pairs of speaker systems to the 
amplifier's outputs. (A PHONES jack 
next to it is always energized.) 

The BASS and TREBLE tone controls , 
concentric for left and right channels, 
have 11 detented positions. The VOL

UME and BALANCE controls , the latter 
detented at its center position , are 
also concentrically mounted . A MIC 

jack is also provided on the front panel 
ford riving both amplifier outputs from 
a single dynamic microphone. 

In addition to all the usual signal 
input and output jacks, the rear apron 
of the receiver also has a DIN connec
tor that parallels the functions of the 
TAPE jacks. There is also a group of 
four jacks and a 4CH ADAPTOR slide 
switch for driving a quadraphonic 
adaptor and returning its front
channel outputs to the receiver's 
power amplifiers. The speaker con
nectors are insulated spring clips. 

One of the three accessory ac out
lets on the rear apron is switched. 
Rounding out the connector comple-
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Choose 1he one 1ha1'. just r ight 
for you ... the one that can make 
your future more rewarding, more 
secure, more enjoyable ... startin~ 
now 1 These ways lo move ahead 
arc yours from Elecrronic ·Tech
nical In 1i1utc ... the fines1 elec
tronics home study courses and 
program ever offered! 

Fundamental Elec tron ics 
Get a solid foundation fo r en 1er 
ing the fast-moving world or elec
tronics where today is grea t. and 
tomorrow will be grea1er. Learn 
it the simple, easy. step-by-step, 
programmed way ca lled A 11101ext. 
excrusive wi th ETI ! 

Electronics Draf1ing 
Learn a vital ly needed specialty 
that tran lates new technologica l 
concepts and deve lopments to the 
practical drawing board. Become 
a specia list-in-demand. through 
ETI'. training. Learn it al home 
... get your future moving now! 

Color TV Servicing 
There's a rea l future wailing for 
the established color te levision 
technician. You become that tech 
nician th rough this program that 
takes you step-by- tep 10 1heore1i
cal and practical mastery of color 
TV. Ge t your tomorrow started 
today! 

Master TV I Radio Servicing 
Here is true '"master" preparation 
for a career that can take yo u as 
far as you want to go into radio 
and television servicing. both 
black and white. and color_ The 
helpful . practical -T I way can be 
you r way 10 more money. secur
ity. success! 

Communications 
ETr communications program 
opens up a whole range of career 
development possibi lities in elec
tronics_ Solid-state receivers. 
solid-stale audio equipment. com
munications equipment. ATV. 
as well as preparation fo r FCC
licensed positions in commercial 
broadcasting and mobi le com
munications. You can find a real 

Industr ial Electronics 
You open ~real career opportuni
ties th rough this progra m. a · 
ins trumentation technician. clec
1ronic equipment main tenance 
technician . electronic calcula1ine. 
mach ine technician and audio ~ 
technician. I 1 a lso prepares yo u 10 
move into and up in communica
tions. au tomation and industrial 
electronics! 

Digital Technology 
Join the digital revolution which 
is radical ly altering our lives today 
and tomorrow. Get olidly trained 
in the new digital specialues that 
can lead lo a real future as a digi
ta l control 1echnician. elecrron ic 
calcu lating machine technicia n. 
field representa tive. computer 
a les represen ta tive. manufac

lurer's representativ.: . 

Electronics Technology 
Learn e lectronics across the 
board! You 'll be ready for rea l 
career advancemen t with training 
that can lead lo technical po:itions 
in communication. automatio n 
and industrial elec tron ics. and can 
also he lp you in sales positions. 
management and adrnini tration. 

Computers 
ETI offers training opportunirics 
in Computer Techno logy and 
Computer Programmi ng. Learn at 
home. and get ready to en ter a fie ld 
where incredible developments 
arc sure to continue. It's practical. 
usefu l- the step-by-step ET! way! 

Advanced Elecironics 
Want orea tcr cha llenoe- and ca 
reer advancemen1? Tfiis course is 
for you. It can be valuable prepa
o·a ti on not only for a 1cchnica l 
career. bur also fo r 1hc nelds of' 
sa les. management and ad111inis
1ra1ion. Make your move now! 

Digital Elect ronics-Advanced 
Here's a pccia l course for those 
a lready in the field of digital elec
tron ics. ready 10 m ve into more 
advanced areas. This is how to 
move up in sales. managemcnl 
and admi nist ration. Here's your 

Black and White TV Servicing- comparab le in importance to the 
Advanccd development of nuclear eneroy. 

This can be yo ur own "adva nce" So lid-s tate can mean your sofid 
course to black-and-wh ite TV career developmem. 100, 
competence from A to Z. You'll thro ugh ET!! 

construct a receiver yourse lf. if 
 FCC License Preparation 
you wish. A key 10 lifetime Here is rea l down-to-earth practi
success! cal prcpararion to take your 3rd. 


Industrial lnstrumentat ion- 2nd o r 1st cla s Federal Com

Advanccd munication ommission Radio


Move lip in the world ... th e won 
 telephone License exam inations. 

derful el ec tronics world! This 
 Get yourself ready now for any of 
cour c opens up a who le range of the FC -licensed positions in
ca reers in the industrial field. as volving b.roa~casti ng. mobile 

ins trum enta tion 1echnieian. labo
 commu nica tions, microwave 

communica tions links. marineratory tech nician. process con trol 
technician or electronic calcula1 communications equipment o r 

ing machine technicia n. Get ready 
 in many other positions in solid 

...and go! 
 Sla tc. commu nications. CATV. 

Get ready for tomorrow ... today! 
Color TV Servicing-Advanced Get al l the facts ... free! 

Here is 1he "graduate" cou rse in Send the coupon now for 
color TV for those who already ETl's co lorfu ll y 1llustra1ed new 
know television fundamen tals. 44 -page cata
You'l l learn co lor TV from top 10 log givin2 you 
bollom, build your own se t if you alf the details. 
choose. A great way 10 build You owe it to 
you r fu ture' you rse lf. 

There's no ob
Solid-Sta te Electronics- ligation, and 

Advanccd no salesman 
Application of transistors are in will call. Send 
creasing a ll the 1ime and the fo r you rs 
transistor may be a breakthrough today' 

Electronics 

Technical Institute 


Division of Technical Home Study Schools 

Electronics Technical Inst itu te, Dept. 2 -473-076 I
I Linlc Falls, cw JerSC)' 07424
I 0 Send me the Electronics Technical Instit ute Ca talog. I 
r-------------------~ 

I N::ime I 
I pka)C' pnnnI I.-\ddrl's~ 

Ciiy Swtc Zip I
I lntcrcslctl in anolher fie ld? Check the Technical Home Smd ' School programI that in terests )OU most. No salesman will call. PLfa\SE CHECK 0 l.Y ONE. I 

D Type~' rlle r and Otlicc Machine Repair D Locksmithin_g. . I
I 0 Upho lscery and Decorating 0 Legal ln\1est1ga11on

O .'lcddent a nd In urancc loom -\djuSting 0 Security/ <\larm Business II D Oucdoor C::.rccrs in Conserval1on D Photogf~1ph v,____________________
D Check here for informal1on on Veterans Benefits II O Check here for 10tbrmm1on on learning by cas.~c cies • 

future here! tomorrow! 
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ment on the rear panel are antenna 
terminals for 300- and 75-ohm FM an
tennas and a wire-type AM antenna. 
(There is also a pivoted ferrite rod AM 
antenna.) Pushbutton circuit breakers 
protect the speaker outputs and the 
power-line input. 

Laboratory Measurements. Fol
low ing a preconditioning period , the 
amplifiers delivered 48 .5 watts/ 
channel into 8-ohm loads at 1000 Hz 
before clipping . Into 4- and 16-ohm 
loads, the output power measured 
62.4 and 32 watts , respectively . 

At 1000 Hz, the measured THO was 
about 0.01 % at outputs between 1 and 
20 watts. It rose to 0.018% at 40 watts 
and to 0.035% at 50 watts output. The 
IM distortion was about 0.06% from 
less than 50 mW to about 45 watts out
put . It reached 0.1% at50 watts output. 

At the rated 38-watt output level . 
and at lower power outputs down to 
about 4 watts, the THO was between 
0.01% and 0.015% between 100 and 
1000 Hz. It increased to 0.1 % at 20,000 
Hz and was 0.03% at 20 Hz. To develop 
a reference 10-watt output, 80 mVwas 
required at the AUX input , 1.7 mVat the 

PHONO input, and 1.3 mV at the MIC 

input. The corresponding S/N ratios, 
referred to 10 watts output, were 82, 
74 , and 56 .5 dB. respectively. The 
phono inputs overloaded at a very safe 
140 mV, while the microphone input 
overloaded at 120 mV. 

The characteristics of the tone con
trol system were rather unusual , since 
the first two or three positions of boost 
and cut (especially in the treble) 
changed the frequency response only 
slightly , while the last two positions 
had a much greater effect. In fact, we 
would consider the bass boost range 
to be somewhat excessive, since the 
maximum boost was 22.5 dB at 35 Hz. 
It is unlikely that any speaker system 
or listening environment would re
quire such drastic equalization. Also 
the amplifiers could easi ly be driven to 
distortion if max imum boost were 
used. 

The filters had gradua l 6-d B/octave 
slopes, and their - 3-dB response fre
quencies were at 200 and 4000 Hz. The 
LOW filter , in particular, cut out con
siderable program content while re
moving rumble and low-frequency 
noise. The loudness contours pro

duced a moderate bass boost and a 
slight treble boost at low volume set
tings. 

The RIAA phono equalization was 
accurate to within :::!: 0.5 dB from 40 to 
20,000 Hz. Interaction with cartridge 
inductance caused a gentle down
ward response slope beginning at 
several kilohertz , reaching - 1.5 dB 
between 10,000 and 15,000 Hz before 
rising to + 2 or + 3 dB at 20,000 Hz. The 
MIC frequency response was down 6 
dB at 77 and 7700 Hz, relative to the 
1000-Hz level. 

The IHF usable sensitivity of the FM 
tuner was 11 d Bf (2.0 µV) in mono and 
18.5 d Bf ( 4.6 µV) in stereo. The 50-dB 
quieting sensitivity in mono was 19.5 
dBf (5.2 µV), w ith 0.67% THO. In 
stereo, it was 36 dBf (34 µV) . with 
0.47% THO. The distortion at 65 dBf 
(1000 µV) input level was 0.2% in 
mono, 0.21 % in stereo. The S/N at that 
level was 70.6 dB and 68 .3 dB in mono 
and stereo , respectively. The stereo 
FM frequency response was ± 1 dB 
from 30to 13,000 Hz. It was down 3dB 
at 15,000 Hz. Channel separation was 
exceptionally uniform , measuring 33 
to 36 .5 dB from 30 to 10,000 Hz and 30 
dB at 15,000 Hz. The AM frequency 
response was down 6 dB at 120 and 
5000 Hz. 
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The FM capture ratio was 1.6 dB, 
and AM rejection was an excellent 73 
dB . The image reject ion and 
alternate-channel select ivity figures of 
86 and 75 dB also represent very good 
performance. Adjacent-channel 
selectivity (called for in the latest IHF 
standards, though we have not mea
sured it regularly in the past) was 5.4 
dB. Adjacent-channel selectivity is 
usually far worse than the more impor
tant alternate-channel read ing, but we 
feel the 5.4-dB figure measured for 
this receiver is somewhat below par, 
although it is of importance in only 
those rare cases where you want to 
listen to a station only 200 kHz re
moved . 

The FM muting action occurred 
smoothly between 5.5 and 11 dBf (1 
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INTRODUCING 

THE TENNAPOWER 


DISAPPEARING 

CB ELECTRIC ANTENNA. 

Thefts are CBs biggest problem. 

With millions of CBers on the road. more and more 

thieves are turn ing their atte ntion to the CB

equipped automobile as a prime and lucrative target . 

And thieves have learned to recognize a CB

equipped car by the te lltale CB whip antenna it 

invariably sports. Take a look on any highway-each 

CBer is flying his whip antenna as a virtua l flag. 

Remove the CB whip antenna 

and you reduce the chance of theft. 

Wi th this simple truth in mind. Tenna designed a no

compromise CB antenna that ..wouldn 't be there·· 

when it wasn't needed. Existing designs weren 't good 

enough. Magnet mounts are inconvenient. Disguise 

antennas are poor performers. So Tenna came up 

with something new. 


How Tenna created a 
no-compromise CB antenna that disappears. 
Tenna motorized the antenna so it cou ld elevate and 
retract electrically. And they decided on a cen ter
loaded design. the most effective for reliable mobile 
CB use. One adjustable fo r optimum SWR. It took a 
powerful specia l '" skinny·· center-loading coil to make 
everything work, and Tenna's eng ineers developed 
a coil that disappears. So with the fl ick of a switch. 
the antenna extends to its fu ll leng th for top perfor
mance and turns on the CB radio, automatically. But 
flick the switch again and it disappears into the 
fender. turning the rad io off. And these antennas are 
built wi th top-quality materials for years of reliable 
service. Now the kind of workmanship that makes us 
the world leader in motorized AM-FM car antennas 

goes to work for you on the Ci tizens Band. 
Where to find the 
TennaPower Disappearing CB Electric Antenna. 

Don·t look in a parking lot. It there·s one there. 
·, you won 't see it. Check with a dealer who sells 

CB or car stereo. Most of them wi ll install your 
Tenn a Power Disappearing CB Antenna. or you 
can do it yourself. Bu t one way or another. 
put one in soon. After all. you have a lot to lose. 
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Wetl like to compare our 
But there~ no 

COMPU-TRAINER 

ELECTRO-LAB 

COMPARE OUR TRAINING PROGRAMS: NTS 
Electronics programs are considerably different from those 
of other schools, and, we believe, better designed to prepare 
you for entry-level opportunities in the field of your 
choice. For example, our Master Course in Electronics 
Technology includes over 170 lessons; another school offers 
fewer than half that many in a course with the same title. 
Our course includes 26 kits to build an Electro-Lab, a 
Solid-State Digital Computer-Trainer with transistor-diode 
logic circuits; a 5" wide-band solid-state Heath Oscillo
scope; a Heath FET-VOM, and slide rule. Their course 
offers 10 kits to build a private label VOM and 2 experi
mental circuit chassis. 
And even though you need an oscilloscope to perform their 
experiments, they don't provide it. You have to buy your 
own. And their course does not even include a Digital 

Computer-Trainer. The closest thing to our program they 
offer costs over $200 more than ours. Another school's 
course in Electronics Technology offers even fewer lessons, 
and kits to build only a VOM. That's all. Think it over, 
and check it out, course by course, program by program . 
There's no comparison. 

COMPARE OUR EQUIPMENT: NTS selected Heath 
equipment because of Heath's international reputation as a 
prime designer of commercial and professional electronic 
equipment in kit form. Cooperation between Heath and 
NTS assures you of highest quality components , design, 
function and training. What's more, Heath equipment is the 
kind you'll meet in the field - not limited to training only . 
For instance, the Heath GR 2000 25" (diagonal) Color TV 
included in our Color TV courses is acclaimed as ahead of 
its time in features and engineering. And the Heath AM-FM 
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the better you11 

•pment. 
NTS TRAINING EQUIPMENT FEA
TURES SOLID·STATE COMPONENTS. 
PROJECT METHOD COURSES 
MAKE LEARNING EASIER, to~ 
FASTER, MORE EXCITING. ~ 

EE Please rush new color 
catalog plus complete details 
on course checked. 

0 OBLIGATION. 
0 SALESMAN WILL CALL 

0 COLOR TV SERVICING 
0 B&W TV AND RADIO SERVICING 
0 ELECTRONIC COMMUNICATIONS 
0 FCC LICENSE COURSE 
0 ELECTRONICS TECHNOLOGY 
0 COMPUTER ELECTRONICS 
0 BASIC ELECTRONICS 
0 AUDIO ELECTRONICS SERVICING 

Dept . 205-076 

1 Name_______ ______Age _ _ 

Address,_____________Apt. _ _ 

Clty________State_ _______ 

Please 1111 in ZIP code for laster service 
O Check for Information on GI Bill 
O Check if Interested ONLY In Cl1aaroom Training In Los Angetaa 
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NEW NTS GR 2000 DIGITAL 
COLOR TV. SOLID-STATE. 
25" DIAGONAL. VARACTOR 
DIODE TUNING. 

New Fully Illustrated Color Catalog Tells All 
About These NTS "Extras" 
• Job Placement 	 • Graduate 

Consultation Association 
• Business Consults-	 • Mechanics & 

lion Service Science Bulletins, 
• Student Guidance Plus Much More 

APPROVED FOR VETERAN TRAINING 
Classroom Training Available at Los Angeles 

NTS occupies a city block In sunny Southern California 
wllh over a million dollars In tacllltles devoted exclu
sively to lechnlcal training. Check box on reverse side 
for details. 

NATIONALe scHOOLS 
TECHNICAL-TRADE TRAI NING SINCE 1905 


Resident and Home-Study Schools 

4000 So. Figueroa SI., Los Angeles, Calif. 90037 




school to other schools• 

•comparison. 
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HIGH FIDELITY 
SPEAKERS 

It.-' -  ' SOLID-STATE STEREO 
AM/FM/MULTIPLEX 

RECEIVER 

COLOR BAR/DOT 
GENERATOR 

VECTOR MONITOR 
SCOPE 

. o· .."" ·o. ·. V · .t ~-. . . '"'· 

~ ~·- . ~ .. 
v "~ " 'Y. ' 
~ .a: .. tr · 
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5" OSCILLOSCOPE 

SIGNAL 
-  ----" GENERATOR 

SOLID·STATE 
POCKET RADIO 

Multiplex/Receiver offered in our Audio course is a 
30-Watts-RMS-per-channel set that's designed for true High 
Fidelity performance, not built for training only. As for 
reliability, that's another word for Heath . 
The same holds true for Heath Oscilloscopes, FET-VOM, 
Digital Multimeter, In-Circuit Transistor Tester, Solid-State 
2-Meter FM Transceiver, and much more included in over a 
dozen NTS courses. Check it out! There's just no 
comparison . 

COMPARE OUR LOW TUITION: We employ no 
salesmen, pay no commissions. You receive all home study 
information by mail. All kits, lessons and experiments are 
fully described in our Catalog and all equipment needed for 
your training is included in the tuition price . Nothing extra 
to buy for your training with NTS. Liberal refund policy 
and cancellation privileges spelled out . 

Make your own comparisons. Check the number of lessons, 
check the subjects covered and check the amount and value 
of training equipment you will receive for your tuition 
dollars. Then make your own decision. Mail card today, or 
write for FREE Electronics catalog if card is missing. 
FIND OUT! 

NO OBLIGATION. NO SALESMAN WILL CALL 

APPROVED FOR VETERAN TRAINING 


Get facts on new 2-year extension 

NATIONAL TECHNic!t SCHOOLS 
TECHNICAL-TRADE TRAINING SINCE 1905 

Resident and Home-Study Schools 
4000 So . Figueroa St., Los Angeles , Calif. 90037 
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and 2 µV), and the stereo switching 
threshold was 12.5 dBf (2.3 µV) . Pilot 
carrier leakage into the rece iver's out
puts was 73 dB below 100% modula
tion . 

User Comment. This was a 
thoroughly pleasant and satisfactory 
receiver to use. No operating " bugs" 
appeared during our extensive use 
tests . The controls operated smoothly 
and positively , and the sound quality 
was excellent . 

Al though the manual supplied with 
the receiver was c,uite comp lete, it 
made no reference to the 4CH ADAPTOR 

feature . The schematic diagram re
veals , however. that this circui t is 
really the equ ivalent o f the sepa rate 
preamp lifier output/main ampl ifi er 
input facility found in many receivers 
today . Setting the switch to 4CH inter
rupts the signal path at the approp
ria te point. Obviously. this feature can 
be used equally well for installing 
graphic equalizers, signal processors , 
electronic crossover networks, etc ., 
into the system . 

The FM dial calibrat ions are linearly 
spaced . but markings appear on ly at 
2-MHz intervals . In spite of this wide 
spacing , the calibration was accurate. 

and we had no difficu lty tuning to any 
desired frequency without guesswork. 
The FM sound was notab ly free from 
background hiss and was the audi ble 
equal of any FM sound we have heard 
in our laboratory location. The mu ting 
action was free from noise bursts and 
revealed only a slight " thump" as it cut 
in and out. 

Our experience with the Model 7075 
convinces us that this receiver is easily 
the equal of others we have used at or 
near its price and with respect to the 
features and listening qua lity it pro
vides. 

CIRClE NO. BO OH FREE INFORMATION C~RD 

PIONEER MODEL SF-850 ELECTRONIC CROSSOVER 
A cl ir e c ros.1·m ·c r ~els nu1s1 11111 1!{' s11euker sy.1·1e111.1· . 

Passive cross
over networks . 
it has been 
claimed , can de
g rade the per

formance of the speaker systems in 
which they are used. Nonlinear distor
tion can be created by the iron-core 
inductors and electrolytic capacitors 
in many speaker systems. Some 
power loss is also inevitable in the 
windings of inductors. Because of the 
'arge inductors and capacitors re
quired , achieving a low woofer cross
over frequency (200 Hz or lower) can 
be quite expensive. Al though there is 
some d ifference of opinion as to the 
desirability of using crossover slopes 
steeper than 6-dB/octave, those net
works that provide 12- and 18-d B/ 
octave s lopes require prohibi tive ly 
expensive (for a low-cost speaker sys
tem) close-tolerance components . 

All the difficulties encountered w ith 
passive crossover systems can be 
overcome by using an active cross
over system and using separate 
amplifiers for the various drivers in a 
speaker system. Active crossover fil
ters are inexpensive (using compo
nents that do not have to cope with 
high power) and essentia ll y d isto rtion-

less. They also have the virtue of mak
ing it easy to adjust cutoff frequencies 
and slopes. One such act ive crossover 
system is the Pioneer Model SF-850 
that accompl ishes virtually all the 
crossover operations needed for a 
two- or th ree-way stereo speaker sys
tem. Separate selectors are provided 
for the woofer/ midrange and 
midrange/tweeter transitions. 

The Model SF-850 measures 133/4" W 
x 13" D x 5112'' H (35 x 33 x 14 cm) and 
weighs 12 lb 6 oz (5.6 kg) . Price is 
$199.95 . 

General Description. The low-pass 
switch for the woofer has frequencies 
of 125. 250, 500, 700, and 1000 Hz, 
whi le the frequencies for the tweeter's 
high-pass switch are 1000, 2000, 4000, 
6000, and 8000 Hz. The cor responding 
low- and high-pass filters for the mid
range d ri ver have matching cutoff fre
quencies . For each of the cutoff se lec
to rs, a separate SLOPE swi tch provides 
a choice of 6-. 12-. or 18-dB/octave 
slopes. This makes it possible to use 
different slopes for the separate driv
ers, which might be advantageous 
from a sonic point of view or merely to 
protect the tweeter against excessive 
low-frequency drive levels. 

The slope controls for the midrange 
section also have FLAT positions. This 
o ffers complete flexibi lity fo r the 
two-way system, since the crossover 
frequency to the tweeter can be set at 
any of the frequencies from 125 to 
8000 Hz. Each of the th ree frequency
band outpu ts has its own level control 
(concentric fort he two channe ls). Th is 
is vital for any electronic crossover 
system to achieve the correct fre
quency balance with drivers of di ffer
ent efficiency . On the rear apron of the 
chassis are a pair of input and three 
pairs of output (woofer , midrange. 
tweeter) jacks and two switched and 
one unswitched ac outlets. 

The crossover system 's specified 
gain is rated nominally at unity . 
Maximum insertion loss is stated at 
less than 2 dB with any settings of the 
crossover con trols . Input and output 
impedances are nominally 100,000 
and 1000 ohms. respectively . The 
rated maximum ou tput is 3.5 volts ; 
S/N, referred to the rated output , is 
better than 85 dB; and harmonic dis
tort ion is specified at 0.3% or less . 

Laboratory Measurements. Dur
ing our tests, we plotted a number of 
response curves using different 
crossover frequencies and slope set
tings . In every case . the attenuation at . 
the indicated crossover point was 
within 1dB of the ideal 3-dB value . The 
gain. as speci fi ed , was 1.0 in the 
passbands at the maximum level
cont rol settings . 

We could not measure the output 
noise . wh ich was well below the 
100-µV limit of our test equipment. 
Th is corresponds to better than 80dB 
referred to 1 volt. or more than 91 dB 
be low the rated output. Both har
monic and intermodulat ion (IM) dis
to rtion were very low at any usable 
outpu t level. They measu red less than 
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0.025% up to 1 volt output and about 
0.1 % at the rated 3-volt output. The 
output cl ipped at sl ightly greater than 
5 volts. 

User Comment. Since we did not 
have a two- or three-way speaker sys
tem that provided separate access to 
the individua l drivers . we simu lated a 
three-way system with three different 
full-range loudspeakers . Each 
speaker was driven by its own power 
amplifier . The crossover system was 
connected between the preamplifier 
and three power amplifiers. 

As we experimented with different 
combinations of crossover frequen
cies and slopes. it became obvious 
that ah it-or-miss or arbitrary selection 

of parameters . by means of a fixed 
passive crossover network, would be 
un li kely to produce the optimum per
formance of which the speakers are 
capable. Not only did the choice of 
crossover frequence make an appre
c iable difference in the sound , but we 
usually heard at least as much differ
ence between different slope settings. 

For the loudspeaker/speaker sys
tem experimenter. we can think of no 
accessory as useful as a fully adjusta
ble electronic crossover system like 
the Model SF-850. The need for two or 
th ree ampl i fiers when using an elec
tronic crossover system might seem to 
be a drawback. but it should be under
stood that on ly the woofer normally 
requires a powerful amplifier with a 

very good low-frequency response 
and that the midrange and tweeter 
drivers normally require much less 
power. In fact , lower-power amplifiers 
are strong ly recommended for the 
tweeter. which can easily be damaged 
by excessive driving power. 

Whether or not bi- or tri -ampli
fication has inherent sound advan
tages is not a question we will attempt 
to answer here. However. one thing is 
certain : there is no simpler or more 
convenient means of getting the most 
out of such a system than by using an 
active elect ronic crossover system. 
And the Pioneer Model SF-850 cross
over system does everything claimed 
for i t and does it very well indeed. 

CIRCLE HO. ii OH FREE IHFORMAllO NCARO 

MXR STEREO GRAPHIC EQUALIZER 
Hig/i/y £'./fi' cli1·c. 1111)(/emtef.1· priced, IO-oc1111 ·e-ba11d C'<{ 111ili::.er. 

Graphic equal,..I HIRSCH· izersare acknowl
,HOUCK edged to provide 

an ef f ective 
means of mod

ifying the frequency response of a 
home audio system . Usually , slide
type potent iometers are used on a 
graphic equalizer to vary the response 
at different frequencies. The positions 
of the pot " knobs" roughly outline the 
frequency response curve of the 
equalizer . which accounts for the 
·' graphic" part of the device 's name . 

In a sense. these equalizers are ac
tually highly versat i le tone controls . 
Practically speaking , a graphic 
equalizer should have at least five 
separate control frequencies: some of 
the more elaborate models have seven 
cont rol frequencies . A much more de
sirable form . however. is the octave
band equalizer. which generally di
vides the audio range into 10 bands. A 
good example of such an equa lizer is 
the very compact and relatively low-
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cost octave-band equalizer fro m MXR 
Innovati ons. This equalizer has excel
lent performance characterist ics, 10 
frequency controls, and provides a 
boost and cut range in excess of 10 dB 
for each of its two stereo channels. 

The MXR graphic equalizer mea
sures 9V4" W > 7114'' D x 2" H (32.5 
18.4 5.1 cm) and weighs 4.5 lb (2 kg) . 
It se lls for $199 .95 in the consumer 
version. (There are two elec tr ical ly 
identical versions of the graphic 
equalizer. The consumer vers ion uses 
phono-type input and output jacks 
and provides the tape monitor facility 
that would otherwise be eliminated 
when the equalizer is connected into a 
hi-fi system . The professiqnal version 
uses standard phone jac.ks and does 
not supply tape monitoring fac ilities.) 

General Description. The MXR 
equa lizer is finished in satin aluminum 
with a pebbled black vinyl front panel 
to provide a pleasant contrast . In addi
tion . it has wa lnu t end panels . 

On the forward section of the top 
panel are 22 small white knobs , 20 of 
which permit adjustments of the sl ide 
potent iometers and the remaining two 
provide the means for separately set
ting the gains of the two stereo chan
nels . The center frequencies of the fi l
ters are plainly marked in front of the 
sl ide controls (31 . 62, 125. 250. 500. 
1 000. 2000. 4000. 8000. and 16,000 Hz) . 
Scales that extend across the control 
surface provide a means for indicating 
the approximate amount of boost and 
cut for each Ii lier over a range of :!: 12 
dB. 

On the rear apron are the line inputs 
and outputs and the tape recording 
inputs and outputs that replace the 
normal amplifier tape monitoring cir
cuit. A slide switch rep laces the usual 
program source w it h the tape 
playback output . while another switch 
bypasses the equalizer circuits. Since 
the equalizer draws negl igible power 
and can safely and economically be 
left on at a ll times. there is no power 
sw itch. 

The published specifications for the 
equalizer are in terms of professional 
program levels . The maximum output 
is rated at + 15 dBm into 600 ohms, or 

22 dBm into a high-impedance load. 
The gain is nominally unity : _ 1 dB 
from 20 to 20.000 Hz with the controls 
centered . The equivalent noise is 
rated at 95 dBm down. The stated 
input impedance is 47 .000 ohms. 
whHe the output is designed to drive 
loads of 600 ohms or greater. The 
ha rmon ic and IM distortion are rated 
at 0.05% or less at 0 dBm (0.775 volt) . 

Laboratory Measurements. The 
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frequency response characteristics 
agreed very closely with the specifica
tions and panel markings when we 
tested the equalizer. It is possible to 
correct response in a sing le octave 
with little effect at frequencies only 
one octave removed . By using severa l 
controls simultaneously , one can 
shape almost any desired response 
curve. The positions of the control 
knobs actually do represent a valid 
picture of the response curve. 

The measured total-harmonic dis
tortion (THO) at 1000 Hz was the re
sidual of our test equipment (less than 
0.003%) for outputs up to about 0.2 
volt. It increased smoothly to 0.05% at 
8 volts output , just below the cl ipping 
level of 8.3 volts into a high 
impedance term ination. At 20 Hz , the 
THO was slightly higher- O.D1 % and 
0.35% at 1- and 8-volt output levels. 

The slewing rate of the equal izer set 
a limit on performance at the highest 
aud io frequencies . At 20,000 Hz. the 
distortion rose from less than 0.005% 
at 10 mV to 0.035% at 0.1 volt and 
0.71 % at 1-volt output. The maximum 
output at 20,000 Hz was about 2 volts . 
The IM distort ion , measured with 60
and 7000-Hz signals mixed in a 4:1 
ratio , was between 0.06% and 0.07% 

from 0.8 to 8 volts output. It was less at 
lower levels . 

Although we did not measure the 
response of the equalizer outside the 
audio band , the square-wave risetime 
of 25 µs indicates that the final rolloff 
is not far beyond 20,000 Hz. The out
pu t noise in a wideband measurement 
was barely detectable on our meter at 
approximately 90 µV, which is 81 dB 
below 1 volt or 79 dB below MXR's 
reference level of 0 dBm . No doubt , 
the applicat ion of a weighting curve 
would have brought our measurement 
into closer agreement with the pub
lished specification , but the level 
would be an unmeasurable value. 

User Comment. Laboratory mea
surements cannot adequately de
scribe the true value of a good 
octave-band equalizer in a hi-ti sys
tem. A good equalizer can make a 
poor speaker system sound tolerable, 
a good speaker system sound very 
good , correct for room acoustics to 
some extent , reduce turntable noise, 
etc . Though a really good tone-control 
system can do some of these jobs to a 
limi ted extent, no such system can do 
the jobs as well as an octave-band 
equalizer. 

The MXR is one of the best equaliz
ers designed for the consumer market 
we have ever used . Of course, the 
equalizer's compact size groups the 
controls very close together so that 
much care must be exercised when 
making adjustments . (There are also 
no detents on the controls . and it is 
necessary to view the controls from 
di rectly overhead to avoid parallax er
rors.) However, this is a small price lo 
pay for a full-range. highly effective 
device that rarely , if ever, requires 
readjustment after initial setup . You 
do not touch up the settings of the 
equalizer's controls to compensate 
for the deficiencies on a given record 
or tape after the system has been 
equalized for the speaker system , 
room acoustics. and cartridge being 
used . Instead, you make minor pro
gram corrections with the existing 
tone controls on the hi-fi system's 
amplifier. 

In addition to being an excellent 
performer, the MXR equal izer is 
priced in a range that most hi-fi system 
owners can afford . In today's market , 
this equalizer represents a realist ic in
vestment for a device that is highly 
practical. 

CIRCLE ND. 82 ON FREE INFORMATION CARD 

SBE MODEL 12SM OPTl/SCAN DIGITAL SCANNING RECEIVER 
Programming card gil'es simple choice of a hour 16.000 j i·eq11e11 cies. 
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T HE SBE Op ti /Scan scann ing 
monitor receiver has a digital fre

quency synthesizer that elim inates the 
need for crystals . Up to 10 channels in 
the Public Service Bands can be pro
grammed onto special plastic cards 
that slide into a slot on the front of the 
receiver. An optical " reading " system 
then " tells " the rece iver what chan
nels to scan. Any of some 16,000differ
ent frequencies in the ranges of 30 to 
50, 150 to 170, 450 to 470, and 490 to 
510 MHz can be selected in any se
quence and combination . Several dif

ferently programmed cards can be 
used to change channel frequencies 
instantly. 

Except for the lack of a priority 
channel , the receiver offers all the 
usual scanner features : manual/ 
automatic scanning select , channel 
indicators and lockout switches. vari 
able squelch and volume controls, 
external-speaker jack, and rescan de
lay. The receiver can be ac line or nom
inal ly 12 volt , negative-ground de 
powered . The maximum power drawn 
from the ac line is rated at 15 watts , 

wh ile current drain from a 13.8-voll de 
source is speci fied at 0.8 ampere. 

The receiver measures 1 O" W x 73/.i" 
0 x 23/4" H (25.4 x 20 x 7 cm) and 
weighs 7.5 lb (3.4 kg) . Price $369.95 . 

General Information. Based on a 
visual inspection of the receiver, we 
would say that it has multiple conver
sion , the last to 455 kHz. The last i-f 
stage has a ceramic filter to provide 
selectivity . Separate r-f front ends are 
provided for the low and high vhf and 
the uhf bands . 

A 40" (102-cm) telescoping antenna 
plugs into a connector on the rear of 
the receiver for rece iving in the low
and high-vhf ranges. A separate 6" 
(15.2-cm) whip antenna plugs into a 
separate jack to provide reception on 
the uhf bands. 

The programming cards provide bi
nary information for the two-state 
logic levels required by the digital fre
quency synthesis system to develop 
the heterodyning frequencies for each 
channel. As supplied , the cards are 
optically opaque . The user programs 
them according to simple instructions 
in the manual. 
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The maximum frequency coverage 
is limited to a 20-MHz spread for each 
band . However, the receiver can be 
specially ordered from the factory to 
cover only the 140-to-160, 470-to-490, 
and 492-to-512-MHz portions of the 
vhf and uhf bands. This means that 
coverage can encompass the 2-meter 
amateur radio band . 

Measurements. In general , our per
formance measurements on the re
ceiver fell within the pub lished 
specification figures . Sensitivity mea
sured 0.5 µV average for 12 dB SINAD. 
The squelch range was from 0.25 to 
330 µV. Adjacen t-channel selectivity 
was 50 dB down at 25 kHz . Modulation 
acceptance was ± 7000 Hz. The audio 
output power measured 2 watts (rated 
3 watts) into 4 ohms at the start of 
clipping with 2% (rated 10%) THD at 
1000 Hz. 

We noted several unwanted-signal 
responses with signals at 100-to
1000-µV levels (40 to 60 dB above 1 
µV). With actual on-the-air recep tion , 
such responses occasionally ap
peared from signals that we re 3 to 4 

MHz lower than the desired frequency 
on the 150-to-1 74-MHz band . where 
most of the radio activity in our area 
takes place. This situation appears to 
be due to overload or spurious mixing 
products w ith the synthesize r, rather 
than the result of an i-f image. In any 
even t, this shou ld present few prob
lems in most areas of the country. 

User Comment. Two programming 
cards are supplied with the receiver. 
(More can be ordered separate ly.) 
Each consists of two layers of plastic 
bonded together. About two-thirds of 
the area on each card is given over to a 
" window·· matri x made up of 15 col
umns and 10 rows. To the left of the 
matrix are 10 b lank spaces label led 
with the numbers 1 through 10 in 
which are entered the frequencies for 
the selected channels. A small blank 
space near the SBE logo can be used 
for identi fying the card. 

Programming starts by deciding on 
the frequencies you want to monitor. 
Then you look up the binary codes for 
each frequency in the tab les in the 
manual. After entering the frequen
cies and , beside them , the binary 
number code that appl ies to each , the 
actual programming of the card can 
be done. Note that each frequency has 
a 15-digit binary code , wh ich corre
sponds exact ly with the number of 
columns in the window matrix . 

Af ter entering the frequencies in the 
blank spaces on the card next to the 
channel numbers ,al l tabs ind icated by 
O's in the binary codes are removed 

from the matrix. Wherever a tab is re
moved, a transparent space will allow 
light to pass through , which the re
ceiver's optical reading system will 
recognize as a logic 0 . 

The adhesive-backed tabs can eas
ily be removed from the card with a 
fingernail , pointed instrument, or 
tweezers. The tabs can be saved , by 
sticking them to the rear page of the 
manual , should a card have to be re
programmed or an error in the coding 
have to be rectified . 

Using a program ca rd is very simple. 
It goes into the reader slot on the front 
of the receiver, matrix foremost and 
SBE logo facing upward. However, 
should the card be fed in upside down, 
the scanner will sti ll tune the proper 
frequencies , but the scanning se
quence will be in reverse order. 

The rescan time delay of the re
ceiver is about a second. Scanning 
time through al l 10 channels is also 
about a second . Pushbutton switches 
are used for the channel lockout func
tion and MANUAL and SCAN select , 
while standard rotary pots are pro
vided for VOLUME and SQUELCH ad
justments . 

The good signal sensitivity of this 
receiver provided very good reception 
results when we used the plug-in whip 
antennas supplied with the receiver. 
For mobile and outdoor external an
tennas , 50-oh m systems are rec
ommended . We rate the audio quality 
from the top-facing speaker built into 
the receiver as excellent. 

CIRCLE HO. 83 OH FREE IHfORMAllOH CARO 

HICKOK MODEL 370 ANALOG MULTIMETER 

Hig h-i111pedt111cC' 11111/1i111eter (I/so m ea.rnres c ap{IC/f {l /l Ce . 

/ 

A T A TIME when it appears 
that dig ital i nstru men ts have 

completely taken over the test and 
measurements scene, it comes as a 

pleasant surprise to see a top-quality 
analog multimeter on the market. The 
Hickok Model 370 is a bench-type, 
ac-powered auto-polarity FET (high
impedance) multimeter designed 
along the classic lines of " laboratory" 
test instruments. It features a large 5" 
(12.7-cm) rectangular meter move
ment with seven re latively uncrowded 
sca les and an antiparallax mirror 
backing. 

The multimeter can measure all the 
usual ac and de voltages and currents 
and resistances. It can also be used to 
measure decibels and capacitance. 
The latter funct ion can be found in 
some moderately priced digital in
struments , bu t it is a rarity to be able to 
measure capac itance as high as 

10,000 µF with any but the most 
sophisticated ana log multimeters. All 
function and range selections are ac
co mp Ii shed with pushbutton 
switches , another rather radical de
parture from the traditional multiposi
tion rotary sw itches used in analog 
VO M's. 

The Model 370 measures 8112'' W x T ' 
H 6" D (21.6 17.8 x 15.2 cm) and 
weighs 4 lb , 12 oz (2.2 kg) . It sells for 
$189.00. 

General Description. The front 
panel below the meter movement con
tains 15 pushbutton switches that 
control the entire operation of the 
multimeter. A LED indicator serves as 
both a " pilot lamp" and an auto
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•aUD1que 
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board 
forjust
$139. 
Nobody has a 4K RAM board 
that gives you so much for your 
money. It's fully compatible with 
the Altair 8800. 

Through the front panel 
or under software control, you 
can write protect or unprotect 
a ny IK group of RAM's. Also 
under software control you can 
check the status of any 4K RAM 
board in lK blocks to determine 
whether it's protected or not. The 
board has LED's that clearly show 
you the memory protect status 
of ea ch IK block and which 
block is active. And there's a 
circuit provided that will let you 
prevent the loss of data in the 
memory if there's a power fai lure. 
This low power board has a 
guaranteed 450 ns cycle time
no wait cycle required. There's 
nothing like the IMSAI 4K RAM 
board arou nd. 

Dealer inquiries invited. 

IMS Associates , Inc. 

1:-------PE~ 
IMS Associate -. Inc.

j 14860 Wicks Boulevard I 
I San Leandro. CA 94577 
I (415) 483·2093 I 
\ Order Your lMSAl 4K RAM Board For l 

Only $139. Us BankAmericard.I Master Charge. personal check or I 
money order. 

I 
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0 Charg" 10 my Ctellit card . I 
0 BAC No---- --- --0 MC Nn _ _________ _ 

I Signarur e I
I Nam" I 
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polarity indicator when the instrument 
is used in the de mode. 

The ful l-scale voltage ranges on 
both ac and de are 0.15. 0.5. 1.5. 5. 15 . 
50. 150, 500. and 1500 vol ts . On de, the 
input res istance is 10 megohms and 
accu racy is 2% of full scale. In the ac 
mode . which is rms calibrated (aver
age responding). the input impedance 
is 1 O megohms shu nted by less than 
75 pF. The freq uency response goes 
out to at least 50,000 Hz. and worst
case accuracy is 5% of full scale . 
Calibration of the multimeter is ac
comp lished in nine ra nges . using two 
sca les . from 0.4 to 4000 volts peak
to-peak . 

There are nine decibel ranges from 
30to ·65 dB.with0dBdefinedas1 

mW across 600 ohms. Input imped
ance is 10 megohms shunted by less 
than 75 pF. As on ac vo lts. the decibe l 
frequency response goes out to at 
least 50 .000 Hz. 

To provide a broad resistance 
range, the instrument provides eight 
measuring ranges whose center-scale 
values are 10. 100. 1000. 10.000. 
100.000. 1 meg- . 10 meg- , and 100 
megohms. In th is mode, the open
circu it potentia l is selectable for ei ther 
low-power (0.15-vo lt) or high-power 
(1 .3-volt) testing . except on the RX1 

range . Accuracy on all resistance 
ranges is 3% of full scale . 

The capacitance-measuring mode 
is broken up into six ranges to cove r 
from 500 pF to 10.000 µF w ith a 
measuring accuracy of 5~1c. A 0.15-volt 
60-Hz drive signal is applied to 
capacitors under test. Electrolytic 
capac i tors are also biased at + 1.2 
volts . 

Nine ra nges are provided for 
measuring both ac and de currents . 
with fu ll-sca le va lues of 0.15, 0.5, 1 5. 
5. 15 , 50. 150. 500, and 1500 mA. In the 
de mode. the accuracy is 3% of full 
scale : whi le on ac . the worst-case ac
curacy is 5% when measuring vo lt
ages at frequencies between 60 and 
1000 Hz. 

Overload protection on the de and 
ac (inc lud ing decibe l) vo ltage ranges 
is provided by a 1500-volt protected 
input. A fuse and a circui t breaker take 
care of any possible damage to the ac 
and de cur rent-measuring circuits and 
the resistance and capacitance func
tions. 

User Report . The Model 370 mul
timeter is as impressive look ing as its 
specif ica ti ons imply . Because of i ts 
high input impedance and excellent 

low ranges . we found it to be emi 
nently suitable for testing and troub· 
leshoot ing sol id -state circuits . 

The large meter movement has 
p lenty of area behind the pointer for 
scales that are easy to read and inter· 
pret . especial ly with the aid of the mir
ror backing . As a result . i t was quite 
easy to interpret measurements accu
rately . The scales are clearly iden
tified . The separate voltage and cur
rent scales are co lored black and lo
cated above the arc of the mirror . The 
resistance and capacitance scales are 
green and red. respectively . These 
four scal es are the most often used 
and are longer than the othe r scales as 
a result of being farthest from the 
movement's pointer pivot. 

The decibel scale has a zero-center 
mark . Th e scale extends from - 10 on 
the left to - 5 on the rig ht . The peak
to-peak voltage scales are located 
nearest the poin ter pivot and are col
ored red. As you read ac voltage in rms 
on the upper vo ltage scale . you can 
simultaneously read its peak-to-peak 
value on the lower scale . 

The c learly identified pushbu tton 
switches are color coded the same as 
the scales to which they app ly . They 
operated smootf1 ly and positively . 
without any evidence of binding or 
wobble . The LED indicator glows 
steadily when power is turned on . 
Then . when the instrument is set to the ' 
de function. i t glows steadi ly when the 
test probes are properly polarized with 
the circuit under test or bl inks when 
the polarity is reversed . This auto
po larity feature (there is no need to 
tra nspose test probes when the LED is 
blinking ) saves a lot of time and man
ipulation during testing . 

Being able to measure capacitance 
with this multime ter is a really handy 
feature we would like to see incorpo
rated into more mul timeters. Th e 
Model 370 has an unusually high 
upper capacitance range that permits 
checking out the large-va lue 
capacitors normally used in solid· 
state circuits . 

During our normal use tes ts. we also 
made some checks on the instru
ment's accuracy using high-tolerance 
precision resistors and a laboratory 
voltage standard . In addition . we 
compared the measurements we ob
tained with this multimeter in the 
capacitance range to a high-accuracy 
DMM 's readings. In all cases . the mea
sured accuracies were well within the 
published specifications. 

CIRCLE HO 6~ OH fREE IHFORMITIO NCA RD 
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'' MAC'S SERVICE SHOP 


Mobile Communications: 

CBvs.2-METER FM 

THE cool air in the service shop felt 
good to Barney as he stepped in

side from the hot, humid weather out
side . 

" Hi, Bart ," he greeted the graying 
man sitting in a wheelchair chatting 
with Mac. " Why the antenna farm 
sprouting from the roof of your hotrod 
out front? " 

" You like my guttermounts?" Bart 
asked with a grin . " The short one is a 
CB loaded whip , and the long one is a 
2-meter 5/8-wave vertical. I'm plan
ning on doing some travelling , and I'm 
checking out the relative effectiveness 
of these two modes of mobi le com
municat ion for drivers in general and 
physical ly handicapped drivers in par
ticular. Since that bout with polio. I 
figure I'm a representative 'worst case ' 
of the latter group. Even a flat tire on 
my hand-controlled car means I must 
have help ." 

" What rigs are you using?' ' 
" The CB rig is a deluxe synthesized 

23-channel job with incremental tun
ing . mechanical filter, S-meter. 0.5
microvolt sensitivity. r-f no ise blanker, 
speech compression, 4 watts of r-f 
output , and a pi-network. I can plug a 
li ttle 5-watt horn speaker into a jack on 
the back of the set and st ick the 
speaker on the car-top with rubber 
suction feet and have my own portable 
PA system-a form of short range 
communication that has come in very 
handy on a couple of occasions. 

" The 2-meter rig is a hand-held 
transceiver with sw itchab le r-f outputs 
of ei ther 2 watts minimum or 1 watt 
max imum. It measures about 10" 
3112'' x 2" and weighs 2 lb ., 4 oz with a 
self-contained 14.4-V, 500-mAH NiCd 
battery. It has two ceramic i-f filters . 
provides 0.5 watts of audio output . 
and has a sensitivity of 0.7 µV for 20 dB 
quieting. There is provision for f ive 
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By John T. Frye, W9EGV 

sets of transmi t/rece ive crystals, and I 
have three simplex and two repeater 
sets installed at present. These in
clude the national simplex fre
quency at 146.52 MHz and the old 
146.94 MHz, p lus the local repeate r on 
147.78/.18 and the popular 146.16/.76 
that will access repeaters in neighbor
ing Indianapolis. Fort Wayne. Lafay
ette . and Chicago. When I start travel
ling , I plan to replace two of the 
simp lex channe ls with 34/.94 and 22/ 
.82 that my knowledgeable 2-meter 
friends recommend . 

" There are probably two dozen 
hand-held transceivers on the market , 
and each has special features t o rec
ommend it ; but I chose this one be
cause it and the accessories available 
made it particularly su ited for my 
needs. I can take it with me in my 
whee lchair, in the motel , and in the 
car. Those accessories include an ex
ternal dynamic mike with PTT switch , 
a de power cord with cigarette l ighter 
plug . earphone, leather carry ing case , 
a flex ible rubber-ducky antenna that 
can replace the normal telescop ing 
antenna , and a dual- rate battery 
charger into wh ich the transceiver is 
dropped for charg ing at a normal rate 
of 50 mA and a trickle rate of 15 mA. On 
squelched rece ive it draws 30 mA ; so 
when it is operating in the charger set 
to a normal rate , the net charge is a 
trick le charge. That 's a handy feature 
for long-term monitoring , say in a 
motel room." 

" Sounds to me like you 're giving CB 
a 2/1 power advantage." 

Before answering , Bart pulled a 
black. metal-cased object from his 
coat pocket and handed it to Barney. It 
measured about 4%" x 3" 1 %" and 
had an S0-239 coax fitting extend ing 
from either side and two w ires com ing 
out a grommeted hole in one end. The 

wires were attached to a cigarette 
lighter plug . Closer inspection re
vealed the object was actually a large 
finned heat sink with a shallow (1" 
deep) cover snapped over the flat side. 

" ' It matters not how great their size; 
depend on me, I'll equalize ,' " Bart 
quoted. " Barney, this is an amplifier 
tha I bought as a kit and assembled on 
a furnished pc board that's fastened to 
the back side of the heat sink beneath 
th e cover. It 's a solid-state vhf 
amplifier utilizing a high-power 
Motorola module , and it covers the 
135-to-175-MHz band . It's completely 
self-contained and requires no tuning 
or setup . With a minimum driving 
power of 100 mW, it will put out 20-25 
watts with a supp ly of 12 to 13.6 volts 
de. You just insert it in the antenna 
feedline , plug it into the cigarette 
lighter socket, and you ' re in business. 
It's assembled for the r-f input you in
tend to use. In my case , I wired it for 1 
to 3 watts, but attenuator resistors are 
furnished for inputs of 250 mW or less , 
250 to 500 mW, and 500 mW to 1 watt. 
With in lim its , power out is a function 
of power in; so when I have my hand
held transceiver on the lower output 
level , I get 12 watts out of the amplif ier. 
This jumps to 25 watts when I switch 
the transceiver to 2 watts output. That 
means I have a cho ice of 25 watts, 12 
watts, 2 watts , or less than 1 watt for 
my 2-meter tests ; but I usually run full 
power when trying to make an initial 
contact. " 

" I suppose you have to take the 
amplifier out of the feedline when you 
want to run the hand-held barefoot, 
don 't you ?" Barney asked . 

" Not at al l The unit contains a l ittle 
carrier-operated relay (COR) that only 
inserts the amplifier into the feedline 
when both a carrier is present at the 
input and power is fed to the ampl i fier. 
When no carrier is present, as on re
ceive . the antenna connects through 
the COR contacts straight to the re
ceiver. If the cigarette lighter plug is 
pulled out , the COR is not operated by 
the transce iver carrier and the RF 
goes, unamplif ied , to the antenna. " 

" Okay, Bart. now you 've told us 
about the equipment you 're using , 
what about your findings?" Mac inter
rupted . " If you need help or just infor
mation on the highway, are you better 
off with CB or 2-meter FM?" 

Which Is Better? " Let's talk about 
CB first ," Bart answered . " The chief 
thing it has going for it is the sheer 
number of CB units in use-some
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thing like six million sets- and the fact 
that they are all concentrated on 23 
channe ls in a single band . One out of 
every 28 American families has one or 
more CB sets, and 1 out of 5 long haul 
trucks is CB equipped . While only 
about 2 million or so CB licenses are 
valid today, th is doesn 't tell the story . 
Many licenses usually cover several 
transceivers. and there are probably 
more unlicensed CB users than 
licensed. This last, though. is chang
ing, probably because the license fee 
has dropped from $20 to $4 and the 
FCC is cracking down on violators . In 
the last year 9000 CB violators have 
been belted with fines ranging from 
$100-$300. For repeat cases, licenses 
have been revoked and fines up to 
$10,000 levied . CB license applica
tions that were running less than 
15.000 a month in 1972 are now up to 
500,000 a month . 

" Yes . CB is becoming more re
spectable. REACT teams, as well as 
state and local police, monitor Chan
nel 9. CB's emergency channel : and 
it's estimated 5.2 million calls are 
made yearly on that channel. Missouri 
has installed CB rad ios in all 750 of i ts 
highway patrol cars. and in Indiana the 
state police operate several mobile 
units under the call of KFP2179 : and 
they hope this year to install CB sets in 
all of the state police posts. Other 
states are taking similar action . In ad
dition to Channel 9, some state units 
monitor the old 'Trucker Channel 10.· 
or the 'New Trucker Channel 19.' 

"But CB has disadvantages, too. 
The band is crowded, and popular 
channe ls are jammed with hetero
dynes and interferr ing signals. The AM 
receivers are subject to both natural 
and man-made noise. Often signals 
skipping in from 750 to 2000 miles 
away will be so strong that talking 
across town is nearly impossible. This 
condition will worsen as Sunspot 
Cycle 21 progresses. Some CB sta
tions run far more than the legal 4 
watts output and overload the front 
ends of nearby receivers, " bleeding " 
across a half-dozen channels each 
side of the offending signal. " 

" We don 't have these troubles on 
two meters ," Barney said smugly. " FM 
receivers reject static and man-made 
noise . While skip is not unheard o f on 
two meters, it happens rarely com
pared to the 11-meter CB band , and 
even then it produces no squealing 
heterodynes. A ham license is a 
hard-won and cherished possession , 
and the vast majority of hams abide by 

the rules and regulations of the FCC. If 
one accidently puts out a broad and 
interferring signal, he hears about it 
immediately from fellow hams before 
the Friendly Candy Company, hopefu 1
ly, can take note." 

" All true ," Bart agreed, " but proba
bly repeaters are the main advantage 
2-meter FM has over CB. There are 
over 2000 repeater licenses extant, 
and new applications are coming in at 
the rate of a dozen a week. These 
machines run considerable power, 
and their antennas are put just as high 
as possible to take advantage of the 
line-of-sight propagation of 2-meter 
signals. If a signal from your hand
held or mobile transceiver can access 
the repeater, the full power and ideal 
antenna site of the latter is at your 
command . If that repeater is on a 
mountain top , as is often the case on 
the coasts, your hand-held 's signal 
may be heard for a radius of a hundred 
miles by anyone moni toring the re
peater channel. Some repeaters even 
use satellite receivers linked to the re
peater receiver by vhf or uhf to extend 
the weak-signal pickup. The satellite 
inputs are sampled by a scanning or 
·voting ' device that se lects the most 
noise-free signal fo r feeding to the re
peater receiver. 

" A lot of good commercial service 
technic ians are attracted to the 
2-meter band, and some of the repeat
ers they set up are unbelievably 
sophisticated . A few will respond only 
upon receipt of a special tone-coded 
command, thus restricting their use to 
the subscribers . Upon a different 
command. they will transmit time . 
weather , and road condit ions. Many 
repeaters have autopatch facilities so 
that if the mobile or hand-held unit is 
equipped with a touch -tone pad. the 
owner can place a telephone call 
through the repeater to tell the wife he 
will be late for supper or to report an 
accident directly to the police. Note. 
however. he canno t engage a motel 
room , order a radio part . or engage in 
any other commerc ial activity on the 
ham band. He can do so on CB as it is 
intended for personal and business 
use. 

" In all honesty, though , two meters 
has some disadvantages, too. On a 
watts-per-dollar basis , 2-meter 
equipment is more expensive than CB. 
My CB set costs $200, but If you are 
willing to sacrifice a few features you 
can get a good set for around $150. 
The hand-held job , complete with ac
cessories and crysta ls for five chan

nels runs about $350. On top of that , 
repeaters are expensive to set up and 
operate, and this money must come 
from the hams using them, either 
through club dues or subscriptions. 

" But in spite of all the work, money, 
and dedicated cooperatio n hams pour 
i nto repeaters," Bart concluded . 
" there just aren 't enough hams 
monitoring their 45-odd simple and 
repeater frequencies during the 
weekday daylight hours out here in the 
sparsely settled flat lands to insure re
liable interception of signals from 
passing mobiles. There are only 
255,000 hams spread out over their 
many bands and they have various in
terests. I greatly doubt if 100,000 of 
them operate on two meters. The pic
ture is undoubtedly different on the 
coasts where people and repeaters 
are more concentrated , but I plan to 
travel the width and breadth of the 
country: and I can 't afford a hatfull of 
crysta ls or an expensive synthesizer to 
hit the many repeater frequencies 
shown in a repeater directory. Th ings 
may be different if proposed FCC 
changes regarding a ' no code ' vhf 
phone ham license go through . That 
opens up a lot of possibilities. But for 
now, I've repeatedly called on .52 and 
.94 and on the frequency of a local 
repeater for road information with 
only the repeater identification or its 
squelch-tai l for a reply. 

.. On the other hand , I se ldom need 
to make a second call on CB Channels 
10 or 19. in the city or out on the high
way, to get an immediate answer. I 
enjoy the ham contacts I do make. and 
I believe hand-helds and repeate rs 
constitute the wave of the future . I cer
tainly plan to take my hand-held trans
ceiver with me wherever I go , but when 
I need help or information, I' ll reach 
first for the CB mike. 

..There are times. though ,·· Bart said 
with a grin , ' 'When both a belt and sus
penders are not enough . My ham 
friend . Joe, and his son-in -law, a non
believer in electronic wizardry , were 
go ing to Florida in a truck camper last 
year. About 30 miles west of Chat
tanooga on 124 a rod went out through 
the side of the moto r. 'No sweat ,' says 
Joe. 'I've got nine channels in my 
2-meter transceiver and all 23 in my 
CB set : so I' ll just summon help .· An 
hour or so later. after vainly yelling 
himself hoarse on all channels of both 
transceivers. Joe unstrapped his trai l 
bike from the front of the truck and 
rode off to get help_ His son-in-law has 
never let him forget this." ~ 
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BUILD YOUR OWN SONAR SYSTEM 

S ONAR - the name alone has an exciti ng quality, 
whether you ' re old enough to remember World War II, 

young enough just to have read about it in history books, or 
simply a viewer of the late-late TV movies. You have visions 
of determined, steely-jawed destroyer skippers searching 
relentlessly for killer U-boats. You hear the " ping-ping
ping " background sound as a tense and sweating Ameri
can submarine commander attempts to elude an enemy 
patrol. Now , with a little skill , a dash of pat ience , a single IC, 
and a few accessory components, you can bu ild your own 
sonar - not a mi li tary version , to be sure , but a pract ical 
down-to-earth (water?) instrument which can be used as a 
submerged object detector, depth finder, or fish locator, 
or, with a few modifications, for underwater data transmis
sion and remote control applications. If you 're not a 
yachtsman (yachtsperson) or fisherman (fisherperson), 
you can use the same IC to assemble an air ranging version 
called sodar (for SOn ic Detection and Ranging) su itable 
for remote sensing , collision avoidance , and intrusion or 
burglar alarm systems. 

v• 

By Lou Garner 

Utilizing a number of novel circuit design techn iques, 
engineers at the National Semiconductor Corporation 
(2900 Semiconductor Drive , Santa Clara , CA 95051) have 
developed a monolithic IC which contains all the essential 
electron ic ci rcui t ry for a complete sonar system within a 
chip area of only 80 by 93 mils . Affectionately dubbed the 
fishfinder by the fi rm 's application eng ineers, the device, 
type LM1812, was released just recently for general dis
tribution , although it has been in production on a semi
custom basis fo r over a year. Jo ining the manufacturer 's 
growing family of special-purpose devices, which includes 
the LM3909 LED flasher , discussed in last year 's July and 
October columns, and the NSL4944 universal LED, 
examined in our May issue, the LM1812's unusual circuit 
contains a 12-watt ultrasonic transmitte r and a selective 
receiver featuring a 10-watt display driver. Despite its high 
peak power capabilities, the IC, in an 18-pin Epoxy B 
molded DIP, can be operated without an external heat sink 
in most appl icat ions. 

Designed for use on standard 12-volt de sources, the 

v · ftt Voc i 

ti 
0001. 1 T 

Cl 
1100 pf 

,, ":" 

Sl 
II"'°' LI II§!!) 

":" II 
Cl II 
1oa ,F- II 

It 
II 

C10 

T1JGl,F 

Fig. l. A typical so1w1· system 
' irrnil . The component vetlues 
ar ' for operatio11 in water. 

•Note: A perma n ent magnet attached to a rotating wheel 
p rovides mod ul at io n pu lses to pi n 8 . The t ime durat ion for 
the transmit mode is controlled by the vo ltage which 
is induced in a stationar y pick ·uP coil. The neon display is 
a lso mounted on this wheel. 
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LM1812 has a maximum supply voltage rating of 18 vo lts. 
coupled with a maximum power dissipation of 600 mW. Its 
specified operating temperature range is from 0°C to 
+70°C. Under normal operating conditions, its receiver 
sect ion has a typical sensitivity of 200 µV p-p, with its 
display driver supplying a maximum current of 1 A for 1 ms. 
The unit's transmitter power output stage is capable of 
delivering a 1-A. 1-µs pulse to a suitably matched load. 
Although generally used with a neon bulb or LED output 
display device , the LM1812 can be used in conjunction 
with a clocked digital readout or a CRT display. 

A basic sonar system using the LM1812 is illustrated in 
Fig. 1. As in most conventional sonar systems, the basic 
design employs the " echo-rang ing " principle-that is, the 
system transmits short . high-intensity ultrasonic pulses at 
fixed intervals and detects any resulting echos. In practice . 
the LM1812 transmits pulses of about 200 kHz for approx
imately 80µs through its external transducer, which also 
serves as a pick-up device. Between pulses, the receiver 
section is activated to detect any returning signa ls re
flected by solid surfaces, such as a lake or river bottom, 
schools of fish , or submerged objects. These echo signals 
are detected and amplified, then used to drive the output 
display . The time different ial between the original trans
mitted pulse and any return ing signals is d i rectly propor
tional to the distance from the object(s) causing the echo . 
permitting the output display to be ca librated in distance 
units (feet or meters) rather than time intervals . 

A single resonant circuit, L 1-C3, time-shared by both the 
receiver and transmitter sections, establishes the system 's 
exact frequency of operation , thus eliminating the need for 
special alignment procedures and insuring that the two 
sections track over a relatively wide temperature range. 
The system 's transmit mode is activated with the appl ica
tion of an externally generated positive-going tim ing pulse 
to the modulator control . pin 8. At this point. the gated 
oscillator is sw itched on , developing a controlled sinewave 
signal across resonant circuit L1-C3. Simultaneously, the 
second r-f stage is gated off, momentarily disabling the 
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receiver section . The sine-wave signal is interna lly 
amplified and squared . then appl ied to a one-shot mul
tivlbrator , where each leading edge tr iggers the generati on 
of a 1-µs pulse. Applied to the power amplifier. each pu lse 
drives the stage into saturation , resu lting in high-effic iency 
class-C operat ion . The amp lified 200-kHz output signal is 
then coupled to the piezoelectric transducer by means of 
an impedance match ing step-up auto-transformer. L2. The 
final transmitted signal , then, is a narrow burst of 200-kHz 
sonic energy. At the end of each timing pulse . the transmit
ter stages are deactivated and the receiv ing sect ion gated 
on . During this period . and unti l the next timing pulse is 
applied . returning (echo) signals p icked up by the trans
ducer are applied to the rece iver through coup ling 
capacitor CL An external gain contro l. Pt . is provided 
between the first and second r-f amp li fiers . coupled to the 
second stage through de blocking capacitor C2. From 
here. the ampli fied signal is appl ied to a threshold detector 
wh ich responds only to signals above an established level. 
Impulse noise is re jected by the combined action of the 
pulse train detector and integrator stages. The two ci rcuits 
requ i re a reasonable number of signa l cycles fo r opera
tion . If there is not a continuous tra in of pulses in the 
ampl ified signal (if 2 or 3 are missing , for example) , repre
senting a val id echo. the pulse train detector w ill " dump" 
the integrator, d ischarg ing the integrat ion capac itor to 
ground . On the other hand , if the signal is val id , the display 
driver is switched on . activat ing the display device. An 
add itional protective circuit momentarily disables the re
ceiver if the display driver is kept on for too long a time 
period ; this is accomplished by feeding back a signal from 
the display predriver stage to integrat ion capac itor CB 
which , in turn . furnishes a control bias to the duty-cycle 
control transistor. 

Although the circu i t's basic operation is the same 
whether it is used for sonar, data communications, or re
mote control . the external drive and output circu itry must 
be altered to meet individual system requirements . Gener
ally , much less power is needed for communications and 
remote control applications than for echo rang ing since 
the latter requires signal transmission over twice the dis
tance (to the target and back) . In remote-control systems , 
the display unit might be rep laced by a relay or contro l 
device , such as an SCA or power transistor. On the other 
hand, if the LM 1812 is used for commun icat ions , a high

,. impedance detector and aud io amplifier shou ld be con
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red . switched back and forth between the modulator and 
receiver sections for transmission and reception . Variable 
rate pulse or other modulation techniques may be used for 
digital data or code communications. 

Naturally, some means must be provided for measuring 
the time interva l between the transmitted and echo pulses 
when the LM 1812 is used in a sonar system. Any of several 
techniques may be used. including digital control and a 
clocked readout or an oscilloscope display with a cali
brated linear sweep. but one popular method is il lust rated 
in Fig . 1. Here. a small permanent magnet and a neon bulb 
are mounted near the rim of a wheel. with slip rings pro
vided for apply ing a voltage to the bulb. The wheel is 
rotated by a constant-speed de motor. The magnet serves 
to generate modulation pulses inductively as it passes a 
fixed pickup coil. L3. The neon bulb serves as the display 
device. driven by the receiver's output stage through trans
former T1 . Shunt d iode 01 is included to suppress switch
ing transients. while a series filter. R2-C9 . is provided to 
limit excessive current build up in the transformer's prim
ary under rapid flashing conditions. The transformer must 
provide a substantial voltage step-up (from 12 to 100 volts 
or more) to insure flashing the bulb. In operation , the 
wheel's position at which the initial pulse is transmitted is 
considered " O... while the arc length traveled by the bulb 
before it flashes an echo represents the time required for 
the ultrasonic pulse to travel to the target and back. Since 
this time period is directly proportional to target distance, 
a fixed calibrated scale can be positioned around the 
wheel to indicate distances in feet or meters. Within system 
sensitivity limits, the sonar's maximum scale range is de
termined by the repetition rate of the transmitted pulses, 
for echoes can be received only during the intervening 
intervals. With a system design similar to the one shown in 
Fig. 1. then. the scale range is determined by the display 
wheel's rotational speed (hence motor rpm) . for this de
termines the pulse rate . 

Considering the relative attenuation of high-frequency 
ultrasonic signals in water and in air, a much lower operat
ing frequency is recommended when the LM1812 is to be 
used in air transmission systems, such as sodar- typically 
40 kHz ratherthan 200 kHz. The basic circuit modifications 
needed for operation in an air medium are given in Fig. 2. A 
different transducer is required , of course. together with a 
matching drive coil. L2. In addition , bypass and coupling 
capacitor values should be increased as indicated and the 
tuning elements (L1 and C3) changed to achieve 40-kHz 
resonance, while an external " pulse stretcher" must be 
added to lengthen the drive pulse from 1to5 µs. Driven by 
the LM1812, the pulse stretcher consists of a simple RC 
integration network and pnp power driver. Except for 
these few changes, the circuit arrangement and compo
nent values are identical to those of the system shown in 
Fig. 1. 

When using the LM1812 in practical designs, special 
attention must be given to ground loops and common 
coupling paths due to the close proximity of transmitter 
and receiver circuits in the same package. Three ground 
pins (5, 10, 15) are provided on the device to simplify layout 
problems, but the ground path(s) still must be adequate to 
handle peak currents of as much as 2 amperes when the 
transmitter and display are energized simultaneously. 
Local sources of high-energy impulse noise. such as 
lightly loaded motors, if not shielded properly, can cause 
erroneous display signals or " blips. " Ideally, these noise 
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pulses should be filtered at the source , but their effects can 
be minimized by connecting a small capacitor (about 30 
pF) across the first r-f stage (between pins 3 and 4) to 
reduce amplifier bandwidth . Finally, for optimum overall 
performance and maximum efficiency, the transducer 
driver coil (L2 in Figs. 1 and 2) should be designed to 
resonate at the proper frequency (200 kHz for water and 40 
kHz for air systems) with the sum of all output circuit 
capacitances , including distributed wiring , that of the coax 
cable feeding the transducer , and the transducer itself. 

Reader's Circuits. Submitted by Peter Lefferts (1640 
Decker Ave ., San Martin, CA95046) , the two circuits given in 
Fig . 3 i llustrate add itional applications for the versati le 
NSL4944 universal LED. Both designs utilize the LED's 
unique current regulation characteristic , both are suitable 
for home projects, both use standard components, and 
both are noncritical as far as layout and lead dress are 
concerned . Referring, first , to Fig. 3A , this decoupling 
network can be used wherever stage isolation is required, 
as when powering a preamp in an audio amp lifier. Essen 
tially a standard pi filter network with a constant current 
LED used in place of a resistor or inductance, the circuit 
attenuates power supply ripp le by some 60 dB whi le at
tenuat ing back-coupled signals more than 70 dB. The on ly 
crit ical factor is the load current , wh ich must be within the 
LED's capabi li ty, yet , at the same time , large enough to 
insure LED operation within i ts constant-current mode 
typically about 13 mA. If the load requirements are u nusu 
ally small, as with some FET pre amps, a shunt load resistor 
(R1) is needed to increase the LED 's current to within the 
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optimum range. The de voltage drop across the LED is a 
li ttle over 2 volts . The second circuit , Fig. 38. is an ex
treme ly simple tester for large electrolytic capac itors. Con
trol switch S1 is a center-off , spdt toggle , levi:ir, rotary or 
slide switch ; series res istor R1 is a V2-watt unit, and BP1 
and BP2 are standard binding posts. In operation , the test 
capacitor, Cx . is connected to terminals BP1 and BP2 with 
correct de polarity. Switch S1 is thrown first to the charge 
posit ion , charging the capac itor from the de source 
through series lim iting resistor R1 , then to the test posi
tion . The constant-current LED will discharge the 
capacitor from 15 volts to 2 volts linearly , staying Iii during 
this period . If a typ ical 13-mA NSL4944 is used, a 1000-µF 
capacitor will discharge in just one second. Variations in 
the characteristics of individual LED 's can be compen
sated by adjusting the supp ly voltage to a value just two 
vo lts more than the actual LED current in mA (i .e., an 
11-mA LED would require a 13-volt supp ly) . By estimating 
(or measuring) the discharge time, an experienced user 
can check capacitors with values from about 500 µF to over 
100,000 µF (from V2 to 100 seconds). Leakage can be esti
mated by charging the capacitor a second time, waiting for 
one discharge period , then testing . With a nominal LED (13 
mA) , a 10% decrease in d ischarge time would ind icate a 
leakage of 1.3 mA for the test unit. If the LED fails to light 
when S1 is thrown to its test position, the capacitor is 
either shorted or open . 

Device/Product News. Currently, microprocessors 
seem to be dominating the technical news front. Fair
chi ld 's Microsystems Division (1725 Technology Drive, 
San Jose, CA 95110) , for example, has introduced a new 
microprocessor design kit on a fully assembled circu it 
board which comes complete with a connecting cable for 
power supp ly and terminal hookup. The circuit board con
tains Fairchild 's 3850 F8 CPU device, the 3851 program 
storage unit circuit, the 3853 static memory interface cir
cuit and eight 2102 static RA M's (1 kilobyte of memory) . 
Th e complete kit is priced at $1 85 .00 in small quantities . 

Both Signetics, Inc. and Motorola Semiconductor Prod
ucts have slashed the prices of the ir microprocessors. 
Signetics has reduced the price of its Model 2650 general 
purpose , 8-bit , 5-volt , TTL compatib le n-channel µP from 
$72.00 to $26 .50 in smal l quantit ies (1-24) . Motorola has 
reduced the price of its type 6800 8-bit n-channel device 
from $69.00 to $35.00 in 1-9 units. The firm also has d rap
ped the price of its MC6860 modem from $32.00 to $17.00 
in sma ll quantities . ~ 

POPULAR ELECTRONICS 

(Al 

CHARGE TEST 

84 



~ SUPPLIES THE MISSING LINK
IllmIC AC-30 CASSETIE INTERFACE 

Been looking for a practical way to input 
and dump programs to your computer? 
Well your search is over. 

With our new AC-30 Cassette Interface you 
will be able to store and input program 
data to any computer system having RS
232 seria l interfaces and a UART circui t 

having an accessible 16X clock frequency. 
Data format is the "Kansas City" standard 

which was selected for its tolerance of 
speed variations in the recording device . 
The AC-30 may be used w ith any cassette 
recorder of reasonable qua lity . 

If both your computer and terminal have 
accessible 16X UART clocks and will oper
ate at 300 baud-as do our 6800 computer 
and CT-1024 terminal system-the AC-30 
may be used between the terminal's serial 
interface and the computers control inter
face. This eliminates the need for a separate 
interface to drive the cassette unit. It also 
allows you to use the computer system's 
tape load and dump routines built into 
Mikbug® or similar ROM software . 

Independent control circuits are provided 

for t wo audio cassette recorders (not in

cluded in the kit). One recorder's tape may 
be read whi le the second is recording a new 
updated tape; making it possible to generate 
new program tapes, data tapes and to create 
program object tapes while reading and 
assembling program source tapes. The oper

at ing mode for each recorder is selected by 
switches on the front panel and LED indi 
cato rs show the mode that is selected at 
any particular ti me . Computer controlled 
record, play and motor control commands 
may be used with this system if they are 
avai lable from the termina l being used . This 
feat ure is availab le on our CT-1024 terminal 
if the CT-CA cursor control card is installed. 

The AC-30 is housed in a 12%" x 3" x 12W' 
aluminum chassis. It is powered by a self 
contained 115/230 Volt AC 50-60 Hz 
power supply. Data is FSK format using 
1200 Hz and 2400 Hz at a 300 baud data 
rate. Recorder speed to lerance need be 
only± 20% . 

® Trademark Motorola 

AC-30 Cassette Interface Kit $79.50 ppd 

Southwest Technical Products Corporation 
219 W. Rhapsody 

San Antonio, Texas 78216 
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COMPUTER GRAPHICS 

M ORE and more of the soph is
ticated computer applications 

that were once reserved for big com
puter systems are be ing successfully 
pursued by hobbyists . Sooner or later, 
after the novelty of having " your very 
own comp uter" has worn off, the typi
cal hobbyist wi ll settle down and con
centrate on one or two part icular ap
pl ications for his computer. In many 
cases. hardware specif ic to the cho
sen appl icat io n will be bui lt or pu r
chased and increasingly complex 
so ftware will be written to get the best 
performance possible out of the 
hardware. 

The conceivable app lications of 
hobby compu ters are almost too 
numerous and diverse to list. How
ever, one application that might in
terest al l computer hobbyists is com
puter " graph ics". 

What Is Computer Graphics? In a 
nutshell. co mputer graphics is a gen
era l term referring to the equipment 
and prog ra ms used for pictorial input 
and output rather than the usual al
phanumeric input/ou tput. Computer 
graphics is very useful for game
playing boards, artistic pursuits. ar
chitectural and engineering drawings, 
plotting mathematica l curves . 
amateur slow-scan TV. and of course 
imp ressing your friends . Graph ics can 
also be an integral part of other hobby 

By Hal Chamberlain 

computer app licat ions. Interactive 
computer games is one obvious 
examp le and electronic music is 
another where graph ics might be used 
to enter and plot waveforms or en
velope shapes. 

If the user can contro l th e picto ri al 
display in real- t ime (the pi c ture 
changes immediately when so com
manded). the system is said to have 
interactive graphics capab il ity . This is 
obviously very useful in action compu
ter games such as Space War where 
objects are cons tantly moving around 
on a screen under both computer and 
p layer contro l. Interactive capability is 
also usefu l in artistic and drawing 
si tuations when ed iting of the p icture 
is done. 

Computer Graphics Hardware. 
Perhaps everybody with any exposure 
to commercial computers has at one 
time experimented with ··printer pic
tures ." These are crea ted with stan 
dard characters printed at selected 
places on a printout page. Input of the 
image data is usually done by an 
imaginative and patient operator. The 
results are qu ite coarse and have to be 
looked at from across a room to be 
appreciated . For more practica l re
su lts. special ized graph ics hardware 
is needed . 

The most common graphics output 
devices are CRT (cathode ray tube) 
displays and mechanical plotters. 
CRT's have the advantage of much 
lowe r cost and interactive capab ility. 
Plotters, of course , produce an image 
on paper that can be saved for later 
use away from the compute r. 

Graphic input devices are much 
more diverse. The most common are 
special .. function keyboards" and 
potentiometer dials. A function key 
may . for examp le. erase a prev iously 
designated line from the image when 
depressed. Two potentiometers can 

vertical directions. A " joystick " can 
replace two controls and provide 
greater ease of movement control. 
Light pens are used to " point out " or 
select an object that is being dis
p layed . With proper programming , the 
operator can seemingly draw images 
directly on the CRT screen . A " graphic 
tablet " al lows one to trace a paper 
drawing into the co mputer's memory . 
A digita l TV camera such as the Cyc 
lops (POPULAR ELECTRONICS, February 
1975) can also be used for graphical 
input. 

There are two fundamental methods 
of display ing or draw ing a picture with 
a com puter. Any image can be broken 
up into a number of dots as is done in 
newspapers or television . If the 
brightness or size of the individual 
dots can be controlled, then grey
scale pictures can be displayed. Im
ages can also be broken up into 
straight lines of various lengths and 
angles . Although grey-scale display 
using lines is uncommon, it is possi
ble . Computer graphics output 
equipment uses both methods on CRT 
displays and plotters . Let us compare 
these two output methods. 

The earl iest computer graphic dis
plays were called " poi nt plot" dis
plays. These consisted of a modified 
oscilloscope and two digital-to
analog converters. A digi tal-to-analog 
converter (DAC) accepts binary num
bers from a computer and translates 
them into corresponding de vo ltages. 
One DAC would be connected to the 
x-axis defleclion input and the other to 
the y-ax is input on the oscilloscope . 
The computer program could display 
a dot at any point on the screen by 
giving its x and y coordinates. An 
image cou ld be drawn by displaying 
the proper dots one at a time in rap id 
sequence . A later improvement in dis
play circuit technology allowed 
st raight lines to be drawn between 
points . This greatly increased the pas
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sible image comp lexity since one 
command from the computer cou ld 
replace li te rally hundreds of individual 
dots . Displays capab le of drawing 
lines from one point to another are 
called vector d isp lays and the lines 
themse lves are ca ll ed vecto rs. Usual
ly , when a computer professional talks 
about graphic displays, he means vec
tor displays . 

A major advantage of both point
plot and vector displays is that the 
amount of computer memory neces
sary to hold the image depends mainly 
on the image complexity {the number 
of points or lines actual ly displayed) . 
Display reso lution can be very high. 
with on ly a smal l increase in memory 
usag e. Fo r examp le, take a simple 
image containing 100 disjointed lines. 
A low resolution ho bby disp lay using 
only 8 bits for x and y coord inates 
would require four bytes for each line 
or 400 bytes in all. A high-resolution 
commercial display may use 12 bits for 
x and y resulting in a 600-by te disp lay 
list. The first disp lay has about 65.000 
{256 x 256) add ressable points . The 
second has nearly 17 ,000,000 possible 
points with only a 50% increase in 
storage req uirements. It shou ld be 
noted that the apparent resolution 
(sharpness) of a vector disp lay may be 
high. even if the end po int resolution is 
rather low. This is because the lines 
drawn are abso lutely straight and the ir 
width is limited only by the electron 
beam focus . 

An important consideration in 
po int-plot and vector d isplays . is 
speed . Since the po ints o r lines are 
plotted one at a time , a complex image 
may require a significant amou nt of 
time to draw . If redrawing of the image 
is not done fast enough , then i t may 
fade away from the CRT screen be
tween " refreshes" and appear to 
fl icker. Usua lly the display itself limits 
drawing speed ; but , in a hobby system 
the computer may be the limiting lac
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tor. Use o f special phosphors with a 
long persistance characteristic in the 
CRT slows image fad ing and al lows a 
greater number of lines to be drawn 
without fli cke r. If the flicker can be 
tolerated , very complex images can be 
drawn even on a simple disp lay. 

A new type of dot display that has 
only recently become practical for 
co mputer graphics is the raster-scan 
display . In this type of display the elec
tron beam is constantly scanning 
through a large matrix of dots in much 
the same way as a television rece iver. 
In fact . raste r-scan displays of interest 
to hobbyists actually use a television 
receiver mod ified for direct video in
put. To form an image. the computer 
must turn the beam on when it is 
scanning the desired dots and turn it 
off otherwise . The scanning speed in a 
TV receiver is so fast however that di
rect program control of the beam is 
almost never possible. Instead , a por
tion of the computer memory is read 
out by the display controller in step 
with the scanning beam and memory 
bits control whether or not the beam is 
turned on . Thus one bit in memory is 
required for each possible point on 
the display regardless of whether it is 
turned on or not. Add itional bits tor 
each display poin t may be used for 
grey scale or even full color. 

A major advantage of raster-scan 
d isplays is that the display screen may 
be an ordinary television receiver. The 
rest of the display controller can be as 
simple as one or two ci rcuit boards 
that plug directly into th e computer . A 
vector d isp lay requires a fair amount 
of analog circuitry using op amps and 
an oscilloscope for the actual display . 
Although a suitable oscilloscope is al
ready owned by many hobbyists, a 
large-s creen display suitable for 
group viewing requires a special de
flection yoke and high-power deflec
tion amplifiers. 

A primary disadvantage of the 
raster-scan technique is that the 
amount of memory necessary to hold 
the image depends on di splay resolu
tion rather than image complexity . A 
128-by-128 point matrix , wh ich is an 
absolute minimum for graphics . has 
16,384 points . At 8 bits per byte . 2K 
bytes of computer memory will be re 
quired to hold an image no matter how 
simple it is. Merely doub ling the reso
lution to a 256-by-256 matrix quad
rup les the memory requirements to 8K 
bytes. Add ing grey scale or rough 
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Thousands of copies of our innovative book on 
microprocessors, publ ished in 1974 . were pur· 
chased by engineers and designers aro und the 
world ... for $75 each . Now Microcomputer 
Design- revised . expanded , and reprinted in paper · 
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Advanced Electronics 


If you 
can't go 

to college 
for your 

• career 10 
electronics 
-read this! 

CREI brings college-level training 
to you with eight educational 
advantages, including special 

arrangements for engineering degrees 

The be t way to qual ify for lop positions 
and top pay in elect ronics is obviously 
with college- level training. The person 
with such - training usuall y steps more 
quickly into an engineering level posi
tion and is paid considerably more th an 
the average technician who has been on 
the job ·evera l years. 

A regular college engineering pro
gram, however. means several years of 
full-t ime resident tra ining-and it often 
means wa it ing seve ra l yea rs be fo re yo11 
can even .1·1ar1 vo11r career. This , of 
co urse, is ditlicult if you must work full 
time to support yourse lf and yo ur fam 
ily. 

If your career in elec tron ics is limited 
wi thout college-level training, take a 
look at the adva ntages a CREI home 
stu dy program can offer you. 

1. Convenient Training 
CREI brings the college to you . 
T hrough the convenience of home study, 
you rece ive exactly the same level of 
training you wi ll find in any college o r 
uni v rsi ty offe ring programs in elec
t roni c enginee ring tech nology. With 

R E l, howe ver. you can "go to college" 
whenever you ha ve spa re time at home 
or on the job. 

2. Specialized Programs 
With C RE I, you enjoy the advant age or 
specialized training . That is your pro
gram will include onl y those courses 
directl y ap plicable to your career in 
e lectro ni cs. We omit such courses as 
E nglish. soc ial studies and other sub
jects, which arc usuall y required in 
resident chools. Therefore, with CREI , 
you move aheud fas te r to the more in
terestin g and usefu l part of your train
ing. 

3. Practical Engineering 
C RE f prog rams give you a prac1ical 
l' llRineering knowledge of electronics. 
That is. each part of your training is 
planned for your · use on the job." By 
using your training. you re in fo rce the 
learning process. And by demonstrating 
yo ur increased knowledge to your em
ployer. you may qualify for faster ca
reer ad vancement. 

4. Engineering Degrees 
C RE I offers you a number of special 
arra ngements for ea rnin g engi neering 
degrees at recognized colleges and uni
ve rsi ties. You can ea rn college credit 
whi le you are taking your CREI pro
gra m o r apply later, whatever is best fo r 
your career plans. 
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CREI 
CATALOG 

80 page, full color book describes over 16 
college-level electronics engineering 
programs. (For high school g rads or equivalent 
only.) Check area of interest: 
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Career Training at Home 


5. Unique Laboratory 
Onl y CREI offers you the unique E lec
tronic Design Laboratory Program. This 
complete college laboratory makes learn
ing advanced electronics easier and it 
gives you extensive practical experience 
in many areas of engineering, including 
design of electronic circuits. No other 
school offers this unique program . It is a 
better "Lab" than we have found in 
many colleges. And the professional 
equipment included in the program be
comes you r to keep and use throughout 
yo ur professional career. 

6. Wide Program Choice 
C REI gives you a choice of specializa
tion in 14 areas of e lectronics. You can 
se lect exactly the area of electronics best 
for you r career field . You can specialize 
in such a reas as computer electronics, 
communications engineering, micro
wave, CATV, television (broadcast ) 
engineering and many other areas of 
modern electronics. 

7. Prepared by Experts 
Experts in industry and technical orga
nizations of gove rnment develop CREI 
prog rams . Each part of your training is 
developed by a recognized expert in that 
area of electronics. That means you get 
the most up-to-date and practical in
st ruction for you r career. 

8. Industry Recognition 
That C REI trai ning is recognized by in 
dustry and gove rnment is evident from 
the fac t C REI provides trai ning to ad
vanced techn ical personnel in over 
J,700 technical organizations. Many ub
sidize the traini ng of their employees 
with CREI. If there is any question 
about the advantages of CREI tra ining 
for you , ask you r employer or any engi
neer to evaluate the outline of a CREC 
program for you. 

Other Advantages 
Of course there are many other ad
vantages to C REI training. For ex
ample, throughout your trai ning, C REl's 
staff gives you personal instruction for 
each step of yo ur program. And in 
many industrial areas, both in the U. S. 
and abroad, C REI Field Service Repre
entati ves provide a number of impor

tant personal se rvices for you r t rai nin g 

FREE Book Qualifications 
There isn' t room here to give you all of You may be eligible to take a CREI 
the facts about career opportun ities in college-level program in electronics if 
advanced electronics and how C REI you are a high school graduate (or the 
prepares you for them. So we invite true equivalent) and have previous 
you to send for our free catalog (if you t ra ining or experience in electronic . 
are qualified ) . This full y illustrated , 80 Program arrangements are available de
page catalog descri bes in detai l the pro pending upon whether you have exten
grams, eq uip ment and services of CRE I. sive or minimum experience in elec

tronics. 

Mail card or write describing qualifications to GI Bill 
CRE L programsCAPITOL are approved

RADIO for 1rai11ing of 
ve1erans andENGINEERING 
servicemen 1111derOH I IINSTITUTE rh e G./. Bill. 

and your career. McGraw-Hill Continuing Education Center 
3939 Wisconsin Avenue Northwest 
Washington, D.C. 20016 

Accredited Member National Home Study Council 
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The 
IMSAI8080. 

A commercial 
yet personally 
affordable 
computer. 

If you thought you could never afford 
a computer at home, think again. The 
IMSAI 8080 is built for rugged industrial 
performance.Yet its prices are competitive 
with Altair's hobbyist kit Fully assembled, 
the 8080 is $931. Unassembled, it's $599. 

The IMSAI 8080 is made for 
commercial users, and it looks it. Inside 
and out. The cabinet is attractive, heavy 
gauge aluminum. The heavy duty luc ite 
front panel has an extra 8 program 
controlled LED's. It plugs directly into 
the Mother Board without a wire harness. 
And rugged commercial grade paddle 
switches are backed up by reliable 
debouncing circuits. 

The system is optionally ex
pandable to a substantial system with 
22 slots in a single printed circuit board . 
And the durable card cage is made of 
commercial-grade anodized aluminum. 

The IMSAI 8080 power supply 
produces a true 28 amp current, enough 
to power a full system. You can expand 
to a powerful system with 64K of software 
protectable memory plus an intelligent 
floppy disk contro ller. You can add an 
audio tape cassette input device, a 
printer plus a video terminal and a 
teletype. And these peripherals will 
function with an 8-level priority interrupt 
system. BASIC software is available in 
4K, BK and 12K. 

Get a complete illustrated 
brochure describing the IMSAI 8080, 
options, peripherals, software, prices 
and specifications. Send one dollar to 
cover handling to IMS. The IMSAJ 8080. 
From the same technology that developed 
the HYPERCUBE Computer architecture 
and Intelligent Disk systems. 

Dealer inquiries invited. 

PE-7 

IMS Associates, Inc. 
14860 Wicks Boulevard 
San Leandro. CA 94577 
(415) 483-2093 

need for large amounts of memory 
that made raster-scan graphics pro
hibitively expensive in the past , when 
memory costs were 10 to 100 ti mes 
more than they are now. 

For some graph ics appl ications 
such as engineering drawings. even a 
256-by-256 resolution wil l not be 
enough . Grids of 512-by-512 or even 
1024-by-1024 are used for serious 
graphics work . Although home televi
sions can theoretically handle 500
by-500 resolutions when modified for 
direct video input , the 30-Hz flicker of 
individual dots when viewed at close 
range may be objectionable. Higher 
reso lutions requ ire the specia l yokes 
and deflection amplifiers again . 

While a vector display is far superior 
for line drawings, a raster scan display 
Is best for p ictorial material. Amateur 
slow-scan TV applications, weather
satel lite picture reception , and com
puter art are all best accomplished 
with a raster-scan display . In particu
lar, the TV Dazzler (POPULAR ELEC
TRONICS , February 1976) can produce 
some really spectacular patterns. 
Ei ther type of display can do a good 
job on game boards. A graphic display 
of either type can often replace a TV 
typewri ter since text characters are 
really just graphic shapes . 

Computer Graphics Software. 
Even the most sophisticated graphics 
hardware is useless without software 
to run it . A vector disp lay is normally 
connected to several parallel output 
ports on the computer. Data sent to 
one pair of ports may cause the dis

. play to draw a li ne from where it was 
last to the new x and y positions 
specif ied by the data. The same pro
gram action using another pair of 
ports may just move the beam without 
drawing . Ord inary output instructions 
are used to send data to the display 
generator. A complete image is drawn 
by outputting data associated with 
each line unti l all lines are drawn . The 
program must continuous ly execute a 
loop to keep the image refreshed on 
the screen . 

Image data for a vector display can 
be generated in three different ways. 
The simplest is to have the data stored 
in a display list in memory . A very sim
ple program loop is used to work 
through the list and send data to the 
display . With some kinds of simple im
ages it may be possib le to compute the 
data in line. The x coordinate of a 
waveform display for example would 
always increase the same amount for 

each waveform point displayed. This 
technique can save a lot of space in 
the display list but does slow down 
image refresh . In a system with 
graphic input devices, data can be 
read from an input and sent directly to 
the display without storing it in mem
ory. In rnost graphic applications. a 
complete image can be drawn using a 
combination of these techniques. 

A raster-scan disp lay can only run 
from a disp lay list in memory . Also the 
display control ler automatically runs 
through the list to generate the dis
play. The computer program is only 
responsib le for storing the proper 
data patterns in the display list. Thus 
the program is free to do other tasks 
without having to constantly refresh 
the disp lay . 

The real software job in computer 
graphics is generating the data to be 
displayed . One obvious way is to work 
up the list by hand . This is quite 
straigh tforward using graph paper 
and the computer keyboard . The de
sired image is first drawn on the graph 
paper. Then , in the case of a vector 
display , the coordinates of the line's 
endpoints are read off and entered 
into the computer memory . With a ras
ter d isp lay , all of the dot positions co
vered by the image will have to be en
tered . Although simple. this method 
hardly makes much use of the compu
ter. 

The real va lue of graphics is realized 
when the program computes a display 
l ist from pertinent data about tl'le 
image rather than a line-by-line de
scription of it. Consider a routine that 
would accept an image name (cube, 
pyramid , etc .). its size, and its position 
in three-dimensional space . The 
rout ine would then generate a display 
li st to show that object in perspective 
on the two-dimensional screen . 
Changing a parameter and calling the 
routine again would generate a new 
list with the object in the new position . 
Motion can be programmed by chang
ing the position slightly each time the 
image is refreshed. The calculations 
involved are really rather simple for 
line images and vector lists . 

With a raster disp lay, a sub routine is 
needed to accept line endpoints as 
input data and set bits in the display 
list to display the line. If the lines are 
always horizontal, vertical, or at 45
degree angles, the routine can be 
quite simple . A more complicated 
routine is needed if lines at any angle 
are to be handled . 

II is also frequently desirable to edit 
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images on the display. The operator 
may want to add lines , de le te li nes, or 
move l ines. With a vector display li st , 
add it ions are handled by adding the 
ext ra lines to the end of the list. Dele
tions can be accomplished by replac
ing the deleted line coord inates with a 
null line such as a zero distance move. 
If the list gets too big during ed iting, a 
" garbage col lection " rout ine can 
compress the nu ll li nes out of the list. 
A line change can be easi ly made right 
in the list. 

Making additions to a raster display 
li st is also easy ; just set the bits cov
ered by the added line or object. A 
deletion might be handled by call ing 
the line generation subrout ine w ith 
the endpoints of the line to be deleted 
and have it reset the bits covered by 
the line, thus erasing it. All lines 
crossed by the deleted line will have 
little gaps left over. Th e same problem 
occu rs when a line is moved since it 
must first be deleted and then added 
elsewhere . The on ly rea l solution to 
this problem is to have two display 
lists. One is a vector lis t and the other 
is the raster list that is actually d is
played . Ed i ting is done on the vector 
list. Whenever any change is made to 
the vector list , the raster list is fi rst 
cleared . Th en it is comp letely regen
erated fro m the vector list by re
peated ly ca lli ng the li ne generation 
routine . Unfortunately , complete re
generat ion is slow. which restr ic ts the 
kind of motion that can be program
med on a raster display. 

In conclusion , graphics is one of the 
most creative app lications for a hobby 
computer. It is simple enough to get 
gratifying results w ith only a little ef
lort yet has the potentia l of keeping 
the most serious hobbyist occup ied 
for years . Graphi c output is readily 
appreciated by those with no comput
er experience and at the same time is 
appreciated by the experts. <®

More Hobbyist Clubs: 

Kentucky 
Louisvi lle Area Users of Microproces

sors , Steve Roberts . Cybertronics , PO 

Box 18065, Louisv i lle, KY 40218. 

North Carolina 

Triad Amateur Computer Soci ety , 

Greensboro and Winston-Salem (NC) 

area. Doug Drye , (919) 373-0040 

Triangle Area Computer Club (tem

porary name) ,Ra leigh , Durham , and 

Chapel Hi II (NC) area . Russel I Lyd ay, 

(919) 787-4137. 
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ffitlnfosh CATALOG 
and FM DIRECTORY 

Get all the newest and latest in formation on the new Me l ntosh Sol
id State equ ipmen t in the Mcintosh catalog. In addi tion you will 
rece ive an FM sta t ion directory that covers all of North America. 

MX 113 
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1-------
Mcl ntosh Labora tory, Inc. 

I East Si de Stat ion P.O . Bo x 96 
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ALTAIR OR IMSAI 


l1i11lli11l11111TI111l illlilllltnl1111111111111....- 
VIDEO TERMINAL INTERFACE 

Connem to standard TV monilor IO• modilied receiver) 
to display 16 Imes ol 64 or 32 charac1ers in a 7 x 9 
mal rrx . Cha racier sel includes 128 upper and lowe! case 
ASCII characlers and 64 graphic characlers for ploUing 
48 x 64 11 28 wilh memory op1ion1array. Texl and graph· 
lcs may be mixeo on !he same screen . B·Oil key board 
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board memory and may be read or wriuen by lhe com· 
pu1e1. Cursor conirol. 1ex1 ed11ing ano g1a phics soN ware 
is included . Fully cornpalible wllh Altair and IMSAI. 
Sockels included . 
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Our 23rd year of service to the World's 
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kits. One-stop shopping for the technician, 
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else. One of the most unusual and complete 
tool catalogs anywhere. Get your copy of 
the NC FLASHER today. 

""""-National Camera 
'- I 2000 West Union An.1 Dept_GGA
°"' Englewood, ColoroJo BOJIO 


(303 789-1893 

CIRCl£ ND. 67 ON FREE INFORMATION CARD 

93 

http:Ctlin.g1


Inside Basic 

Electronics 


FIXED AND VARIABLE RESISTORS 

THE FUNDAMENTAL ground rules 
of electronics are simple enough : 

electronics deals with the flow of elec
trons, called current. Voltage is the 
pressure that causes electrons to flow , 
while resistance impedes the flow . 

Though all mater ial possesses resis
tance. resistors in electrical and elec
tronic app li cations are designed to in
troduce some desirable amount of re
sistance to current flow, perhaps to 
obtain a specific vol tage drop. In con
trast , insulators may have a resistance 

1014 as high as ohms. virtually stop
ping all cur rent flow. 

Res istors are considered to be pas
sive devices. That is. they do not gen
erate energy, but merely convert 
appl ied electrical energy into heat. 
Nor are resistors intended to be inf lu
enced by frequency , though resis
tance can change at high frequencies 
(say. much over 100,000 hertz). 

Resistors are specif ied by three fac
tors : resistance value (ohms). toler
ance (a percentage) and power or heat 
dissipation (watts). 

Resistance Value & Tolerance. 
The small size of fixed carbon and 
deposited-metal resistors makes it 

prohibitive to have resistance and to l
erance information printed on thei r 
cylindrical bodies . As a result , the use 
of c ircumferential co lor-coded bands 
was adopted to ind icate ohmic value 
and to lerance at a glance. 

Ten co lors are used in the code to 
signify 0 through 9 tor each of the Ii rst 
three bands. The third band is a mul
tiplier (the number of zeros to be 
added) . A fourth band can be miss ing , 
silver or gold. If missing , the resistor 
has a 20% tolerance ; if silver or gold , 
the tolerance is 10% or 5%, respective
ly. Thus. a resistor with bands of 
brown , black, yellow . and silver has a 
value of 1 (brown), 0 (black). 0000 (yel
low) and a 10% (silver) tolerance. That 
is, it is a 100.000-ohm ± 10% resistor. A 
1000-ohm resistor with a 10% to ler
ance will actually have a resistance 
somewhere between 900 and 1100 
oh ms. 

Power. Power. in watts. tel ls us how 
much heat a resisto r can safe ly dissi
pate with unrestri cted air circu lation 
over normal temperatu re variat ions 
specified by the manufacturer. Ex
ceeding this will either destroy the 
component or cause it to permanently 

RESISTOR COLOR CODE 

~~ 
t-tlo ~ 

!Al (Bl 
RETMA COLOR CODE CHART 

COLOR 
Black 
Brown 
Re d 
Ora_ngc 
Yellow 
Green 
Blue 
V!ole l 
Grey 
White 

Gold-:0: 5

VALUE MULTIPLIER 
0 l 
I 10 
2 100 
3 1000 
4 10.000 
s 100.000 
6 1.000.000 
7 )0.000.000 
8 I00,000.000 
9 1,000.000.000 

TOLERANCE CODE 
~ o Silver- • lO ~o 

No Color- :::::: 20 Q ~ 

The ohmic voluo of a resiAtor con be dolor· 
mined by means of lhe color code. There oro 
two standard melhods ol indica linq lh is value. 

In Fiq . A. lh<> bod y fA ) and end (B) indlcato 
the fi rs l and second diqits ol lh c value w hilo 
lh<> dol (C} indicalcs lhc mulli pliN to be used. 
The tole rance of the unit is indical<>d by lhe 
end color (0). For cxampl<>. ii lhe body (A) is 
green the numbor is 5: ii th e end (Bl is grey 
th e second number is 8. If lhe dol (C) Is red 
the mulliplicr is 100 or lwo zeros shou 1d be 
add ed. Th e resistor is lh en a 5800 ohm uni l. 
If lhe end (D) has no color. the tolera nce ls 
' 20 °0 . 

In Fig. B. the fi rs! two stripes indica te lh o 
lirsl lwo digit s: the third stripe lhc multiplier: 

th e lourlh s tri pe tho loleranco. Thus. ii s lripe 
(A ) is green. (Bl is qre y. !Cl is red. and (DI is 
s ilv er. lhe res istor is a 58 00 ohm. 1 lO '!D unit. 

change value, even when cooled . 
To operate a resistor safely when 

the temperature exceeds its norm. the 
power rating shou ld be derated. For 
example , if a 2-watt carbon composi
tion resistor is operated at 120°C when 
the maximum should be 80°C, the 
power rating should be reduced by 
40% to 0.8 watt. In practice, it 's a good 
idea to operate a resistor at less than 
half its rated power. Also , the resistor 
should have at least one diameter of 
space between it and another heat
d iss I pat i ng component when 
mounted . 

Fixed Resistors. There are many 
types of resistors manufactured with 
values that cannot be varied : 

Carbon Composition . Electron ics 
hobbyists are most familiar with this 
type , made of carbon and a binder, 
formed into a short rod and having 
wire connection leads (pigtails) on the 
ends . They 're inexpensive (about 13 
cents each fo r V2-watt units). widely 
available , highly reliable and unaf
fected by frequencies below vhf . 

Standard types are available in re
sistance ranges of 1 ohm to 22 
megohms ; tolerances of 5%. 10% and 
20%, maximum power ratings of 1/e 
watt. 1/4 watt. 1/z watt , 1 watt and 2 
watts. They rapidly increase in resis
tance at temperatures much above 
60°C; but they have a low temperature 
coeffic ient (TC) within a normal 
operat ing temperature range. The TC 
is usually 0. 1 % which means that a 
1000-ohm resistor at 20°c w il l in
crease to 1050 ohms at 70°C. 

Resistance changes from an effec
tive de value when operating much 
above 100 kHz due to a variety of 
reasons, inc lud ing the shunt capaci
tance of the resistor's short body. 
Noise is a consideration. also , in ap
plications such as hi-Ii and communi
ca tions. A carbon-core resistor. fo r 
example, generates electronic noise 
that can reduce the readability of a 
sig nal or even mask it completely . 

Wirewound Resistors are used 
where ca rbon composition types are 
not suitable-in high-power close
tolerance and high-stabi li ty app lica 
tions, for example . They are made by 
wrapping a length of resistive wire 
around a ceram ic core, which is then 
d ipped in enamel to isolate the wire 
from the outside world . Precision 
wirewound resistors that are com
mon ly available to hobbyists have 1% 
to lerances. valu es from 1 ohm to 300 
ki lohms, and power ratings from 1 to 
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50 watts. Typical costs vary from $0.85 
to $5.60 in single-lot quantities . Power 
wirewounds can handle from 3 to 225 
watts (depending on construction), 
and range from 0.5 to 100 ki lohms with 
5% tolerances. They cost between 
$0.70 and $4.00 in single-lot quan
tities. 

Wirewound resistors hardly contri
bute any noise to circuits, but they are 
not used at frequencies above the 
audio range because their charac
teristics change with frequency. 

In applications where wirewound 
characteristics (stability, precision , re
liability, and low noise) are required as 
well as good high-frequency perfor
mance, film resistors are often used . 
These are made by deposit ing carbon 
or metal films on a ceramic substrate. 
The thickness of the film (proportional 
to the amount of material deposited 
and the deposition time) determines 
the resistance . There are two 
categories of film resistors, thick (the 
resistive film is greater than one
millionth of an inch thick) and thin (the 
film is less than 10- 6 inches thick) . 

Thin carbon-film resistors range 
from 10 ohms to 10 megohms, in 
quarter- and half-watt ratings and 1 % 
tolerance. They usually are priced 
from $0.95 to $2.20 individually . 
Thin-metal film models range from 10 
ohms to 1.5 megohms, with tolerances 
of 0.1 to 1 %, and power ratings of V2 
and 1 watt. Some can be bought singly 
at $0.95 to $1.40, but others (notably 
close-tolerance and high-resistance 
models) are avail able only in lots of 10 
or more at $1 .35 to $2.50 each. 

Thick-f ilm resistors offer many of 
the advantages of thin-film compo
nents, but are lower in cost (in many 
cases competitive with carbon com
position types) , are more durable, and 
can hand le higher power levels. Be
sides th ick-fi lm carbon resistors , there 
are a number of metal types that fall 
into this class. Among them are metal 
ox ide, metal glaze, cermet and bu lk 
property types . Metal-oxide and 
metal-glaze resistors come in power 
and semi-precision varieties. Semi
precision types have tolerances of 2 
and 5%, can dissipate between V4 and 
2 watts, with resistance values of 10 
ohms to 1.5 megohms. Power models 
have 5 and 10% tolerances, power rat
ings of 2 to 115 watts , with res istance 
values of 10 ohms to 4.2 megohms. 

Cermet types are rated to 10 watts. 
with 1 % tolerance and resistances of 
10 ohms to 10 megohms. Bulk prop
erty resistors vary from 30 ohms to 100 
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kilohms, with tolerances of 0.1 to 1 % 
and power ratings of 0.3 to 0.75 watts . 
In general , thick-film resistors can be 
substituted for carbon-composition 
types wi thout paying a premium 
price - their cost is fairly close (and 
in some cases competitive) to that of 
carbon compositions. Thick-film 
components can replace thin-film re
sistors (their noise contribution is 
sma ll and high-frequency perfor
mance is good) at a substantial sav
ings. 

Variable Resistors. It is often de
sirable to have a resistor that can 
change its resi stance over a specified 
range . For example, the volume con
trol of a radio is a variable resistor 
which allows a given amount of signal 
to reach the speaker. Variable resis
tors can respond to many 
phenomena- some change resis
tance when a contro l shaft is rotated , 
others are affected by heat , light , or 
the voltage impressed across them . 

Potentiometers are carbon compo
sition , wirewound, or metal-f i lm resis
tors formed in a linear or circular con
figu rat ion . In circular potent iometers, 
a " wiper " contacts the resisti ve ele
ment. By turning the control shaft 1---------------- 
(mechanical ly linked to the wiper) . a 
given amount of resi stance is set be
tween it and each of the two resistive 
termina ls (see Fig. 1 ). As the shaft is 
turned clockwise , R., increases while 
R11 decreases. If the wiper is con
nected to one resistive terminal , the 

RESISTIVE TERM INAL " B" 

RESISTIVE TERMINAL"A" 
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Fig. I. Potentiomete1· operation. 

potentiometer (or " pot " ) becomes a 
two-terminal variable resistor. Pots 
are specified by a resistance value , 
power rating , and tolerance . The resis
tance figure denotes the total resis
tance between terminals A and B (R,, 
+ RH). The power and tolerance rat
ings are analogous to those of a fixed 
resistor . 
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The contro l shaft typical ly rotates a 
total of 330°, and is made for either 
knob or screwdriver adjustment . 
Some pots have a power switch which 
is turned on in the first 20° of rotation , 
and some are ganged - with as many 
as four separate units controlled by 
the same shaft. Another variable in 
ci rcula r pots is the taper . wh ich can be 
linear o r logarithmic . That is, the way 
the values R" and Ru vary with the 
amount of angular rotat ion . In linear 
pots, R.1 and Rn vary directly with the 
rotation ang le. If the shaft of a 10
kilohm, linear-taper pot is rotated 165° 
(out of a possible 330°). both R,1 and R11 

equal 5 kilohms . Other angular rota
t ions will give proportional values of 
the two resistances. Log-taper pots, 
on the other hand, will give a 
logarithmic increase in R.1 rather than 
a linear one. These are chiefly used in 
audio circuits, as volume and tone 
controls . because of the ea r 's 
logarithmic response. 

Circular general-purpose pots are 
available with resistance of 500 ohms 
to 2 Megohms.with tolerances of 1Oor 
20%. Power dissipation runs up to 
3 watts . They are generally used as 
panel-mounted controls , but some 
miniature mode ls are made for printed 
circuit board installation. Cost ranges 
from $0.50 to $2.50 each . Precision 
circular models are availab le, in either 
one- or ten-turn configurations. They 
range from 100 ohms to 400 kilohms, 
with tolerances of 5, 3. or 1%, and 
power dissipations up to 5 watts . 

Pots are available in two other 
conf igurations-rectangular and 
sliding-contact wi rewound . Rec tan
gular tri mmer pots are ideal for pc 
board applications. They consist of a 
screw-driven sliding contact (wiper) 
wh ich moves along a resistive wind
ing . The three terminals are in the form 
of small pins (the middle one is the 
wiper). Most rectangular trimmers are 
wire-wound types. but metal-film units 
are also made. Common rectangular 
trimmers have 10 or 5% tolerances . 
ha lf- or one-watt power rati ngs , and 
maximum resistance ratings of 10 
ohms to 5 megohms. Since rectangu
lar pots are ten-turn units, resistances 
can be set w ith great accuracy . Their 
prices vary from $1.75 to $6.00 each . 

Sliding-contact w i rewound pots 
look like a common wirewound resis
tor with two important differences. 
First . a port ion of the enamel coating 
is missing, allowing access to a band 
of th e resi stive w i re. Also . an 
adjustab le-tension ring is slipped over 

the body of the resistor. which can tap 
the resistive element at any point. 
Once the desired resistance is ob
tained , a tensio n screw or knob on the 
ring is tightened . holding the tap at 
that point. These variable resistors are 
used in high-wattage applications. 
such as power supplies. They are 
available with maximum resistances 
of 1 to 100,000 ohms, with power rat
ings of 12 to 100 watts. and a tolerance 
of 10%. They typical ly cost from $1.30 
to $2 .50 each . 

Other Variable Resistors. The 
thermal - and light-sensitive properties 
of certain elements are employed to 
produce heat- or light-variable resis
tors. 

Thermistors (thermal-sensitive re
sistors) , which are used to protect 
power transistors in audio amplifiers. 
and as temperature transducers. may 
decrease or increase their resistance 
as temperature rises. Their coefficient 
of resistance (if negative, resis tance 
goes down as temperature increases; 
if positive. resistance increases with 
temperature) specifies how resistance 
wi l l change for a one-degree Cels ius 
change in temperatu re. They are also 
rated in catalogs by their resistance at 
25 C. and by givi ng the ratio of resis
tances at 0°C and 50"C. Values vary 
from 2.5 ohms to 1 megohm (room 
temperature) . with power ratings from 
0.1 to 1 watt . 

Photocells (light-sensitive) resis
tors) are used in electric-eye circuits , 
streetl ight control , and similar appli
cations. They are rated by spec ify ing 
thei r resistance at low and high light 
levels. These typically vary from 600 
ohms to 110 kilohms (bright) . and 
from 100 ki lohms to 200 megohms 
(dark). Power dissipation lies between 
0.005 and 0.75 watts . 

Pressure-sensitive resistors are also 
used by hobbyists . The two most 
common examples are strain gauges 
and carbon microphones.As the resis
tive element is physically deformed, its 
resistan ce varies. If a constant voltage 
is impressed ac ross a carbon micro
phone element, a variab le current , 
which is an elect rical analog of the 
voice, wil l be generated . Most have re
sistances of 500 ohms or so in the ab
sence of compression. 

A Ii nal variety of variable resistors 
you are likely to encounter is the 
voltage-sensitive resistor (Varistor) . It 
is chiefly used to protect equ ipment 
from power-line surges by limi ti ng the 
peak vo ltage across its term inals to a 

certain value. Above this voltage , the 
resistance drops, which in turn makes 
the voltage decrease. Catalogs specify 
vol tage-variable resistors by power 
dissipation (0.25 to 1.5 watts) and peak 
voltage (30 to 300 volts). Varisto rs typ
ically cost $2.00 to $6.00 each. 

Resistors and Ohm's Law. How 
are voltage. current and resistance re
lated ? A simple expression links these 
three parameters , and is called Ohm 's 
Law . Th is states that the voltage 
across a resistor is proportional to the 
current flow ing through it and its re 
sistance. Mathematically expressed . it 
appears as E = IR. where E is mea
sured in volts . I in amperes. and R in 
ohms. It can be manipulated to appear 
as I = E/R and R = E/I. For example , if 
we know that 2 amps is flowing 
through a ten-ohm resistor, what is the 
voltage across it? By Ohm 's Law. E = 2 
x 10 or 20 volts. 

The power d issipated by a resistor 
as heat is easily found by using the 
formula P = El . which can also be ex
pressed (by virtue of Ohm 's Law) as P 
= 12R or P = E2/R. Referring to our 
example , how much power is dissi
pated (in watts) by the ten-ohm res is
tor? Wel l , P = El (20 x 2 or 40 watts). 
but P = E2/R (400/10) and P = 12R (4 x 
10) w ill give us the same results for 
power calculations. 

Resistors and Heat. Resistors can 
be affected by many agents . especially 
heat and mo isture. The moisture prob
lem (resistance can decrease if the re
sistive element is moistened) ca n usu
ally be corrected by drying out the re
sistor in a warm . nonhumid environ
ment. Res istance changes caused by 
heat , whether it is generated by the 
resistor itself or by a soldering iron , 
are usually permanent. If it is heavily 
overloaded . the resistor might actually 
burn up. 

Two precau tions should therefore 
be observed . Always use a resistor 
wh ich ca n handle twice the amount of 
power that it will generate. The power 
formulas P = El. P = E2/R, and P = 12R 
will determine this value . Also . use as 
little heat as possible during solder
ing . Leave " pigtails" of at least %-inch 
between the resistor body and the cir
cuit tie po int. 

The power dissipation ratings given 
to resistors assume the component 
wi ll have an unrestr icted air f low 
around it , and that its operating tem
perature wil l be close to a median 
figure fo r safe operation ~ 
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A CB PRIMER 

C ITIZEN'S BAND radios are the 
hottest items in the electronics 

marketplace these days. The rig man
ufacturers are forecasting a banner 
sales year ; some say that we ll over f ive 
mi llion sets will be sold before the end 
of 1976. Millions of citizens will be in
troduced to the CB scene for the first 
t ime. 

Almost every day I am asked ques
tions such as: " Which rig is the 
best?" , " How many channels do I 
need?" and " Is it difficult to get a CB 
license?" This column will attempt to 
answer these and other questions you 
might ask before getting " on-the-air" 
fo r the firs t time. 

Selection of a Rig. I wouldn 't at
tempt to recommend a particular rig. 
There are several hundred very fine 
rigs among the brands and models 
available this year. If you are looking 
for a new CB rig and don 't know what 
to buy , take your time , review the test 
reports and spec ifi cations in the 
POPULAR ELECTRONICS , CB Hand
book, 1976, which w il l be on your 
newsstand soon , and evaluate as 
many new models as possible. 

There are a few common-sense 
gu idel ines to keep in mind when 
selecting a rig : 
• Buy 	a new rig , rather than a used 

one . There are several reasons for 
this . There have been tremendous 
technical advances during the past 
two years , and since mid-1974 al l CB 
rigs have been required to meet 
minimum performance specifica
tions to qualify for " type accept
ance". Type acceptance is now 
mandatory for all new rigs being 
sold . While older transceivers with
out type acceptance can still be op
erated legally, they must be otf the 
air by November 23, 1978. 

• You will probably want to buy a 23
chan nel rig even though you do not 
currently plan on using mo re than 
one channel. If you are thinking of 

CB Scene 

By Ray Newhall , KWl6010 

buying a smaller , fi ve- or six-channel 
transceiver , you should at least have 
channels 9 and 11 . since they are 
off ic iall y designated as the 
emergency and calling channels re 
spect ive ly. In a mobile unit you will 
want to have channel 19. the fre
quency most generally used be
tween veh icles on the highway. 
Channel 13 is a popular channel for 
ma ri ne use. but keep in mind that 
channel usage varies considerably 
from one locality to the next. 

• The maximum allowable power that 
a CB rig may supply to its antenna 
term inal is 4 watts. Be certain that 
your new rig is rated at maximum 
power. It is only flea-power to begin 
with and you'll need every bit of it to 
make yourself heard over the noise 
of other distant CB'ers on the band . 
Keep in mind . however, that 3.5 Wis, 
for all practical purposes, the same 
signal level as 4 W. 

• Wh en you buy your new rig be cer
tain to get a signed and dated sales 
slip. Record the serial number on the 
sales slip and pu t the slip in a safe 
p lace. If you should later need war
ranty service or if you r rig is ever 
stolen you will need that sales slip 
and the seria l number. 

Making It Legal. It is a violation of 
Federal law to operate a radio trans
mitter (oth er than one type-accepted 
for use under Part 15) un less you are 
legally auth orized to operate it . The 
penalties for illegal operation can 
amount to fines of several thousand 
dolla rs and a jail sentence. A CB 
license does not require any test or 

F ig. I. Cai · 11r11 1·i rft"~ Im(( o( 
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other qualifications other than that the 
applicant be a citizen of the US and 18 
years or older. The application must 
be filed on FCC Form 505 (usually 
packed with your new set) . signed and 
mai led along with a filing fee of $4.00 
to the Federal Communication Com
mission . Gettysburg , PA , 17326. Your 
license. when issued. will be valid for a 
period of five years . 

Because of the tremendous growth 
in populari ty of CB Rad io , the FCC has 
been receiving a half a million or more 
applications each month ; they are 
swamped ! It has sometimes taken up 
to eight weeks for applications to be 
processed. (Don 't write them to in 
quire . that will slow it down even 
more.) Do not operate your transmitter 
until your li cense form and call sign 
have been returned to you . There has 
been a rumor circulating for several 
months that the FCC has authorized a 
six-month period of grace , during 
which time you may operate by using 
the last fou r digits of your Social Se
curity Number as a Call Sign . This 
rumor is false. 

However, the FCC has recently an
nounced a new system of temporary 
authorization using Form 555-B. De
tails and a copy of the form are on 
pages 98 and 99. 

Installing Your New Rig. The April 
issue of POPULAR ELECTRONICS in
cludes an article describing the instal
lation of a mobile unit . and another 
article on the insta llation of base an
tennas. I will not repeat that informa
tion here , but I would like to comment 
upon the selection and in stallation of 
mobi le antennas . since about 80% of 
the new installat ions will be mobile . 

There is a great deal of misinforma
tion regard ing antennas and their in
stal la tion passed among CB 'ers and 
the CB Clubs . The best advice I can 
give you is to buy a good-quality 
commercial CB mobile antenna and 
follow the manufacturer's installation 
instruct ions carefully . There is more to 
the insta llation of a high-performance 
mobi le antenna than you might guess . 
An ineffic ient antenna installation can 
rob you of 50% or more of what little 
power you have available from your 
CB transmitter . Select ion of a proper 
location for your mobile antenna re
quires a litt le basic knowledge and 
some p lanning . 

Most mobile antennas are known 
technically as "%-wave whips " . and 
they require mounting on a metal sur

(Continued on page 100) 
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FCC FORM 555-B 
April 1976 

United States of America 
Federal Communications Commission 

Temporary Permit 

Class D Citizens Radio Station 

• Use this form only if you want a temporary permit while your regular 
application, FCC Form 505, is being processed by the FCC. 

• Do not use this form if you already have a Class D license. 

• Do not use this form when renewing your Class D license. Instructions 

Certification 
Read. Fil l In 

Blanks, and Sign 

I Hereby Certify: 

D I am at leas t 18 years of age. 

D I am not a representative of a foreign governmen t. 

D I have applied for a Class D Citizens Radio Station License by ma iling a completed 
Form 505 and $4 .00 filing fee to the Federal Commun ications Commission, Box 
1010, Gettysburg, PA. 17325. 

D I have not been denied a license or had my license revoked by the FCC . 

D I am not the subject of any other legal action conce rn ing the operation of 
a radio station. 

Name Signature 

Add ress 

If you cannot certify to the above, you are 
not eligible for a temporary permit. 

Willful false statements void this permit and 
are punishable by fine and/or imprisonment. 

Date Form 505 mailed to FCC 

• Complete the blocks as indicated. [K] D D LLC.1~~ Use this temporary call sign until given 
a call sign by the Federal Communica
tions Commiss ion . t t t 

lni 1i al I ni 1ial Applica nt's ?;p Cnd ... 
of of 

A pplicant's Applic;m t' s 

Temporary 
Fi rs1Call Sign Last 

Name Name 

Your authority under th is perm it is subject to all applicable laws, treaties anci regu lations 
and is subject to the right of use or control by the Government of the United States. 

This permit is valid for 60 days from the date the Form 505 is mailed to the FCC. 

You must have a temporary permit or a license from the FCC to operate your Citizens

Limitations Band radio transmitter. 

Do Not Mail this form, it is your Temporary Permit. 
See the reverse side of this form for a summary of operating instruc tions. 
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HOW TO USE Using Your 
TEMPORARY PERMIT 

Citizens Radio Station 
FORM 555-B 

ISee Part 95 of FCC Rules & Reg..i lations for complete instructions on authorized station use.) 

Just recently, In response to complaints about 

long delays, the FCC announced asystem of tem

porary licensing which allows an owner to use his 
 1 
CB transceiver before the regular station license 

ls issued. The Temporary Permit, Fonn 555-B, will 

be valid for 60 days, and is to be filled out and kept 

by the user at the same time that he submits his 
 2
Form 505 license application. The new form Is 

simple and straightforward to use. 


Atemporary call slan is determined by the new 

CB'ers initials and zip code. As with all CB 
 3 
licenses, the first letter of the three-letter prefix 

is K. So, If John Jones of New York, N.Y. 10016, is 

working with Form 555-B, his temporary call sign 

is KJJ 10016. The Temporary Permit should no/ 

be malled, but retained by the CB'er during the 
 4 
interim operating period. 

In announcing this new system, the FCC stress

es that the number of available forms is severely 

limited, but photostatic copies can be used. For 

this reason, we are reproducing acopy of the new 

Form. 11 ~ou are applying for a CB license for the 
 5 
first time, simply photocopy both sides of Form 

555-8 and fill it out. This should be done at the 

lime you mail your Form 505 license application. 

Retain the photocopy-it will give you temporary 
 6 
authorization to operate your transceiver, and is 

valid for 60 days from the time you mail Form 505. 


7 
Welcome to the Citizens Radio Service 

Citizens Band Radio is a shared communications 
service with many people using the same frequen· 
cies and channels. 

The guidelines provided in th is form are not in 8
tended as a substitute for FCC Rules , but as a 
general reference to those operating practices and 
procedures which will benefit you and other users 
of Citizens Radio. 9Your compliance with these guidelines and your 
consideration for the rights of others in your radio 
service is necessary if the full potential and enjoy
ment of Citizens Radio is to be realized . 
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Who May Operate Your Citizens Radio Station? 

You, members of your immediate family living with you, 
and your employees,while on the job. 

How Many Transmitters Does this Permit Authorize? 

A maximum of fi ve (5) . 

Can the FCC Inspect My Station? 

Your station and stat ion records must be available for 
inspection by an authorized agent of the FCC. 

Where Should I Keep This Permit? 

Keep it in a safe place . Post photocopies at all fixed 
station locations . Indicate on photocopies the location 
of this pe rmit. Attach a card with your name, address 
and temporary call sigh to each transmitter . 

How Shall I Identify My Station? 

Identify transmissions in English with your temporary 
call si gn . 

How Can I Use My Station? 

Use i t for private short·distance rad io-commun ications for 
your pe rson al or bus iness act ivi ties . Channel 9 is reserved 
solely for emergency communications and to assist motor· 
is ts. 

Prohibited Communications Include : 

Activ i ties contrary to law 

Transmitt ing obscene. indecent o r profane messages 

Communicating with non.Class 0 stat ions 

Inten tional interference to other rad io stations 

T ransmitting for amusement, entertainment, or 
over a publ ic address system 

Transmitting false distress messages 

Advertis ing, selling. o r for hire 

How High Can My Fixed Station Antenna Be? 

See Sect i on 95 .37 If your antenna w ill be over 20 feet 
above ground . Add iti onal information is available in 
SS Bulletin 1001 -h . 

May Amplifiers Be Used With My Transmitter? 

'Linear' amplifiers are absolu tely proh ib i ted . 'Power' 
microphones may require adjustments to your transmitter 

Who Can Make Adjustments to My Transmitte~? 

Adjustments affecting prope r operation may be made only 
by, or under the supervision of a licensed first or second · 
c lass radio opera to r. 
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DoesJOUr 

conq>uter 

talk toyou? 

The intelligence of your 
8080 system is only as great 
as its capacity to communicate. 
Processor Technology 's VDM-1 
wi ll function as o highly cogent 
l i n l~ to that intelligence. This 
ultra-high speed o utput device 
plugs into your Altair or IMSAI 
to provide fast, versatile 
human interface. It generates 
16 lines of d isplay: 64 charac
te rs each. both upper a nd 
low er case. 1024 bytes of 
random access memory ore 
on the cord . The VDM-1 scrolls 
upwards or downwards, up to 
o top speed of 2000 lines p er 
minute! Any combination of 
cursors (up to 1024) car, be 
disp layed as blocl~-on-white or 
vice verso - perfect for video 
games. The VDM-1 wil l worl~ 
with any standard video moni
tor. or your own TV set con be 
easily modified. The module 
comes with free terminal m ode 
software. for teletype replace 
ment when used with GASIC 
or assemblers. 

Our detailed VDM- 1 
Owner's Manual is available 
for $4, refundable with 
purchase of the VDM-1 . 
Kit Price: (eff. 7/1/76): ~199 
(premium grade, low profile 
IC socl~ets included). 

Write Us. 

about our other 

plug-in modules. 

compatible with 

the 8800 system.


Processor 

Tech~ 

6200-N Hollis Street 
Emeryville, CA 94608 

face to function properly. These an 
tennas wi ll not work properly when 
mounted on wood or fiberglass. as on 
a boat or a camper. There are special 
"V2-wave whips" available for those 
app lications. As I drive along the 
highway , I not ice many antennas 
which have not been planned for 
maximum effectiveness, probably be
cause the owner was not aware of the 
simp le rules to fo llow in installing the 
antenna . 

Al l 1/4-wave mobile antennas used 
for CB are " electrically" dimensioned 
to abo ut 108 inches in length , or one 
quarter of the 11-meter wavelength at 
27 MHz . Since the 108-inch length 
(nine feet) is a bit inconvenient to be 
used on most vehicles. many people 
have shortened them by use of a coil , 
or " load" . A loaded antenna is not as 
efficient as a full-length wh ip , but its 
smal ler size makes it possible to 
mount it in a more effect ive location 
which makes up for the power loss by 
providing a better " ground plane" . 

The ground plane acts like a mirror 
which reflects the antenna. so that it 
looks like a ha lf-wave dipo le to the 
transmit ted signal (Fig . 1) . Like any 
mirror, an irregular su rface breaks up 
that image. If the ground-plane is only 
partial ly complete or if it is not at right 
ang les to the main ax is of the antenna. 
the radiat ion pattern will be distorted 
and the antenna will not load properly . 
The antenna wi ll assume directional 
properties and its overall ef ficiency 
will be degraded . 

It shou ld be obvious that the " best" 
location for a mobile antenna wou ld 
be dead ce nter on the horizon tal roof 
of the vehicle (directly over the dome 
light where we can gain access 
through the headliner) . But most of us 
do not like to punch holes through the 
roof of our $5.000.00 automobile , so 
we often use trunk lid mounts instead . 
When mounted on the center line of 
the vehicle . these are nearly as effi
cient as a roof-mount. Some CB'ers 
use gutter or cowl mounts. but these 
are not quite as effective because they 
d isturb th e symmetry of the rad iation 
pattern . A bumper mount is usually the 
least desirable , even though it may 
permit the use of a full 108-inch whip. 

Antenna Tuning. Antenna ef fi
ciency is normally measured by de
termination of its " Standing Wave 
Ratio". An SWR meter is used for this 
purpose. Tl1e SWR is measured by 
comparing the power passed through 

direction (from the transmitter toward 
the an tenna) with the power ref lected 
back to the transmitter. A properly 
matched and loaded antenna wi ll 
show an SWR close to 1: 1, but be
cause it is not possible to achieve 
100% eff iciency, the reading wil l be 
somewhat higher than that. If the an
tenna can be tuned to an SWR of less 
than 1.5: 1 it will be pretty we\\ matched 
and the antenna system will function 
at better than 95% efficiency. 

However, if the SWR is 3:1 or more it 
is badly matched and may. indeed . 
damage the transmitter. There is 
probably either a bad connection in 
the transmission line or the ground
plane is not loading the antenna prop
erly . 

Most mobile antennas have provi
sion to make fine adjustments in 
length. When tuning it to a higher fre
quency , the antenna must be short
ened : and when tuning it lower, it is 
lengthened. The direction of tuning 
can be determined by comparing the 
SWR at the high-frequency end of the 
band with the SWR at the low end of 
the band . The length ol the antenna 
should be adjusted until the lowest 
SWR is obtained at center frequency 
of the band . or channel 11 for Class 
" D" CB. With a loaded .. shorty" an
tenna. the antenna length adjustment 
can be critica l to an eigh th of an inch 
or less . 

In making these measurements , the 
SWR meter is placed in the transm is
sion li ne. usually at the transmitter an
tenna terminal. The meter is fi rst calib
rated by adjusting it for full-sca le de
flection in the forward direction. Then. 
without disturbing the adjustment. the 
meter is switched to the reflected 
mode, and a read ing is taken directly 
fro m the SWR scale . An adequate 
SWR meter can be purchased for 
$15.00 to $25.00 . but you might try 
borrowi ng one from your CB dealer. At 
any rate . you should tune the antenna 
at the t ime it is installed , and again 
every six months or so . to insure that it 
remains in good shape . 

The re are many ·· old-wives-tales .. 
about ways to tune a CB an tenna. 
Many CB 'ers insis t that you can tune 
the antenna by cutti ng the transmis
sion line to a proper length ; it is true 
that you can apparently lower the 
SWR in this manner, but the rea l mis
match has not actually been affected . 
No more power wi ll be transmitted to 
the antenna than before . The antenna 
1s the radiator. and it is the antenna 

the transmission line in the forward which must be tuned . 
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MEASURE IT ANYWHERE 
To 60 MHz with the FM-7. 

NLS proudly announces a NEW Frequency Meter. 

We're one of 
the country's 
largest Mail 

Order Houses 
of Stereo 

Equipment 
and now 

CB Equ1pmen1 

Our volume buying power enables 
us to pass the savings on to you . 
Listen to us . .. You can't go 
wrong . 

••••••••••••• ••••• • ••• 
Fill out thi s coupon and mail to address 

ern men! Printing Off ice . Washington ,______________ LE Mo__ __ ____MA11_0N cARo____________ci_Rc__ _ . 11 0N F~RE E 1NFo R__ ___

The transmission line which con
nects the rig to the antenna should be 
kept as short as possible , and it should 
be " clean " , with as few connectors as 
possible . Many mobi le antennas are 
designed to work with a specific 
length of line, so be sure to consult the 
manufacturer's inst ruct ions. Fifty
ohm shielded cable is used almost 
universally in CB hook-ups. The small 
RG-58/U is adequate for distances up 
to 30 or so feet; but for longer dis
tances, the large RG-8/U or equiva lent 
shou ld be installed . Always use the 
proper PL-259 and S0-239 connectors 
to join the cab le. Don ·t try to splice 
transmission cable with solder and 
tape ; you may d istu rb the impedance 
match and introduce losses. 

Now E njoy It. If you have followed 
the relatively simple advice above , by 
this time you should have a rig which 
will " get-out" as well as any other 
legal rig in your area . However, do not 
use it unti l you know how to do so 
properly. Part 95 of the FCC Ru les and 
Regulations regarding CB operation 
is no longer available on a subscrip
tion basis . Instead send $1.50 to the 
Superintendent of Documents , Gov-

DC 20402, requesting Document No. 
004-0000-00324-1 . Th is is a separate 
volume containing only Part 95 and 
was released May 5, 1976. 

The FCC Rules and Regu lat ions 
have been relaxed considerably w ith in 
the past few months (see CB Scene. 
February 1976) , so that they are now 
easier to understand and fol low. The 
main points to remember are .. . 
• You must ident ify using your call let 

ters at the beg inning and the end of 
each exchange of communications , 
whether or not you want to use a 
n ickname or " handle." 

• If you 	use Channel 11 as a calling 
frequency you must switch to 
another frequency as soon as you 
have established contact. 

• You must not use Channel 9 for any 
purpose other th an assisting a 
mobile stat ion (d irect ions . etc .) or 
emergency messages. 

• If 	 you are communicating with 
another station , as opposed to other 
units of your own station , you must 
observe the ··five minutes on . one 
minute off ' rule. 
Above al l. be courteous . and re

member that now more than one out 
of every th irty Ame ricans uses CB. It 
could be one heck of a mess if we all 
tried to ta lk at the same time 1 ~ 

f you want a microcomputer 

with all of these standard features . .. 

• 8080 MPU (The one 
with growing sofl 
ware support ) 
• 1024 Byte ROM 
(With maximum ca
pacity of 4K Bytes) 
• 1024 Byte RAM 
( With maxim um 
capacity of 2K 
Bytes) 
• TTY Serial 1/0 
• EIA Serial 1/0 
• 3 paral lel I/O's 
• ASCll/Baudot 
termina l com
patibi lity with TTY machines or video units 
•Monitor having load, dump, display, insert 
and go functions 

...then let us send you our card. 

HAL Communications Corp. has 
been a leader in di gital communi 
cations fo r over ha If a decade . 
The MCEM-8080 microcomputer 
shows just how far thi s lea dership 
has taken us . .. and how fa r it 
can take you in your applications. 
That's why we'd like to send 
you our card-one PC changes, editing, and a 
board that we feel is the convenient, large video 
best-va lued, most com plete display format. 

HAL Conununications Corp. 

Box 365, 807 E. Green Street, Urbana, Illinois 61801 


Telephone (217) 367-7373 


With Rechargeable $195 
Batteries & Charger Uni I 

F'carurcs Inc lude: 
• Port.ab le , bat t e r y opcnHed ror rncnsurcmcnl 
anywher e! • 10 11 1. to GO ~0! 1. input ~1th LED 7
digit resolution. • High sensitl\'lty: ao mV - 50 ll z 
to .30 Mii z (100 ml' - 10 111. tn 60 AUln • Input 
overloarl protection. • Small, only 1. 9"11:!<2.7''W 
x -l"D. • High stnbilit)' Internal timebase. • Fo r 
field applica1ion, sc n·icing o r p roduct ion testing. 

See your loc n.I dis t ributo r ! 
Dist ributo r Inquiries ln\'tlcd. 

e Non-Linear Systems, Inc. 
Origrnriror 01 th tt Qrgirn l ..,01rmtJ1er 

Bo x ~4. Doi Millr, Cahlo1 n10 920U 
Tel ephane (71 4 ) 755 1134 TWX 910·322 1132 

CIRCLE NO. 40 DH FREE INFDRKAllON CIRO 

• Complete with card 
_ connectors 
"= • Comprehensive 

Users Manual . plus 
Intel 8080 Users 
Manual 
•Completely 
factory assembled 
and tested-not 
akil 
•Optional ac
cessories: Key
board/video 
display. audio 
cassette modem 

in terface. power supply, ROM programmer 
and attractive cabinetry ... plus more options 
to follow. The HAL MCEM-8080. Sl 7 5 

m icrocomputer you can buy. For 
details on the MCEM-8080, write 
today. We'll also include compre
hensive information on the HAL 
DS-3000 KSR microprocessor
based termina l, the terminal that 
gives you mu lti -code compati 

bility, flexibi lity for future 

below for our latest Free Catalogs . 

Name _____________ 

AdctfeSS---------- 

C•tV------------

.......... .,......... . 

State ______ l o _ _ _ _ _ 

OAUOIO CATALOG 

•· , . PE -7 

ST~lttilt~ 
ltl~~-tll~'r~lt~ 
7AAYLESBURY ROAD OTIMONIUM , MD. 21093 

[301 J 252-6880 
CIRCLE MD. 59 OM FREE INFORMATION CIRO 
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346 Ways
To Save On 
Instruments,
Burglar Alarms, 
Automotive & 
Hobby
Electronics! 
The more you know about 

electronics, the more you 'll 

appreciate EICO. We have a wide 

range of products for you to 

choose from, each designed to 

provide you with the most 

pleasure and qual ity performance 

for your money.The fact that 

more than 3mill ion EICO products 

are in use attests to their quality 

and performance. 


"Build-it-Yourself" and save 
up to 50°/o with our famous 
electronic kits. 

For latest EIGO Cata log on Test 
Instruments , Automotive and Hobby 
Electron ics, Eicocraft Project kits , 
Bu rglar-Fi re Alarm Systems and name 
of nearest EICO Distributo r, check reader 
service ca rd or send 50 ¢ fo r fast first 
class mail service . 

EIC0-283 Malta Street, 
Brooklyn, N.Y. 11207 
Leculership in creative electronics 
since 1945 . 

CIRCLE MO. 21 OM FREE IMFORllAllOM CARO 

Op·eration Assist 

II you need mforma11on on ourdaled or 1are 

equ1pmen1-a schematrc. pans. Ii.s t. ere -an.01her reader 
might be able 10 assist. Simply sen c::J a postca rd rn Opefa
11on A SSIS I ' POPULAR EL ECTRONICS. 1 Pao~ Alie .. New Yofll< . 

NY 10016. For rho se who can help re.><lers. please re
spond <l1'eclly ro rnem . Tl•ey ·11app1ec•are11. (Only mose 
rrems regarcting equrpmeru nor avar/able /rom normal 
sources are puoirs11ed } 

Deforest type f.5 radio . Need schematic, power re· 
qu irements. and operati ng instructions. Willia m Anl ike r, 
Box 35. Bagdad. AZ 86321 . 

U.S. Navy Mode l RGB·2. CHC-46 140 receiver. Built by 
Hammarlund. covers 0.54-30 MHz. Jim Brooks , 116 South 
Center St .. Bardstown. KY 40004. 

Alwa Model TP-1 012 open-ree l tape recorder, serial 
153107. Schemat ic. manual, or any in fo rmat ion. Randal 
W. Davis . 2015 Chestnut. Fort Wo rth. TX 76106. 

Gonsel Model 3311 FM au tomotive co nve rter. Schematic 
and al ignment instructions. David J. Bopp, Box 119. 
Oceanport , NJ 07757. 

Me issner Traffic Master. Dial. tuner unit. o r any coils 
wanted, or sou rce fo r same. L. Marks. 14 Avenue Rd .. 
Ki ngston. Surrey , England. 

Ampex Model FR-1 00A. 14-channel tape recorder or 
15,000 series lape deck. Documentation and schematics. 
Carol Ascolillo , Park Lane , North Windham, ME 04062. 

Hammar lund H0·129-X receiver. Heath AT·l. Schemat
i cs . Information on whereabouts o r DX100. property of 
W3ZHV. Mon. Val ley ARC. XW6CR015. 606 E. Fa rmers 
Rd .. Seagoville. TX 75159. 

U.S. Govt . receivers . types AN-GRR5 and R-392 (Coll ins) . 
Rad io amateur or tech nician wanted for alignment. NE PA 
area . James B. Fromer, 62\12 Gist St . Butl onwood. 
Wi lkes-Barre. PA 16702. 

Harman-Kardon Model CA-100 "Commander" PA am
plilier. Source or specilications lor mike Input transfo rm· 
ers. XE- 4 leve lequa lizer. XT-4 line match lranslo rmer. and 
CPE·3 phone/tape preamp. Phil Anzel, Box 3952. Univer
sity Station, Laramie. WY 82071 . 

ARP Axxe synthesize r. Schematic. parts li st , pc artwork . 
Scott Bell , 7752 Montgomery Rd., Apt . 29, Cincinnati. OH 
45236. 

Rea li stic Model TRC·X23 CB transceive r. Schematic, 
photofact lisl ing , any available information. or a working 
o r nonworking set lo r cross reference. Tom M. Ki ng. 169 
Lakeside Or., Gui lford, CT 06437. 

Sears Model 5246 lape recorder. chassis 38152480. In
struct ion book. parts list Yag ista 2-voll slo rage batleries 
(sealed type). Source or importer add ress. Roy 0 . 
Kroeger. 3335 Eas1ern Ave .. Davenport. IA 52807. 

Squ ire s & Sanders Model SS-310 CCTV camera . 
Schemati c and service informati on . Al len Rees . Box 1271, 
Norman , OK 73069. · 

U.S. Navy osci lloscope TS-34/AP. NOA-s-1562, 1530 CW, 
0 and R Ax 232. Any ava ilable informat ion . Jonathan 
Huber. 520 Lincoln St .. Boonton. NJ 07005. 

Clough-Brengle Mode l OCA r-f signa l generalo r se rial 
2601. Nead schema lic and manual. R.P. Hurl but . 250 
Ve robeach Blvd .. Weston . Ont . Canada M9M 1 R6. 

Candle Model MT510A black-and-white 4- inch TV. Serv· 
ice manual and schematic . Al"s Radio and TV. 9 Leonard 
Rd. , Hyannis, MA 02601 . 

Dlctograph Model HFMT-M-100 music system. Need 
schematic and pa rts lisl for the Will iamson-type amplifie r 
circuit se rial 16966/106 or simi lar. Unll uses Callaro RC 
456 c hanger. Ben Lay ton. 6344 Laura Ave .. St . Loui s, MO 
63136. 

Atwate r Kent Model 20. Tri-City Radio Electri c Supply 
Co. Mode l W-41 one-tube regenerative rece iver. Any res· 
!o rat ion inlo rmat lon av ai lable. Sam Canup, 902 S. Goliad. 
Rockwall , TX 75087. 

Rese arch Auoclatea, Inc. Mode l TA-32-12 transis
torized power supply . S-32 v de al 12 amps max. 
Opera ting/assembly manua l or schematic . James Oe 
Marr , 108 Laurel Ave ., Gwlnhurst , Wiimington, DE 19809. 

Aetna Radio transceiver se rial CX 3674 14. Contains 1A7, 
1N5. 1H5. 115, and one unknown lube . Tim Ch ilds. 3606 
Tecumseh River Rd .. Lansing. Ml 48906. 

*EFFICIENT ENGINE PERFORMANCE 
*REDUCED MAINTENANCE EXPENSE 
*1 YEAR GUARANTEE OF PRODUCTS 

For those who need maximum firing potent ial, 
Labtronics offers the Multiple Restrike Ignition. 
The system produces a h igh energy repetitive 
spark on each power stroke which insures the 
greatest statistica l chance for proper ign ition. 
Dependable system triggering from breaker
points, magnetic pick-ups or the extremely 
accurate '13A1-xx ' infrared triggering un it . 
Order your system a nd enjoy the economy and 
peak performance of an efficient engine . 

LABTRONICS, INCORPORATED 

MULTIPLE RESTRIKE SYSTEM 
!I Modfl VI &~le DunitJon $7,9.ff 
IJ Model Vl·B fixed Bunt Purotlon $59.95 
!I Mo<MI Vl-C Co!oplete Optical SY91em $79.95 
HIGH ENEl\GV SYSTEM (Slngle Strike)
II Madel V P,,1n11 Triggering 5y1tem $29.95 
IJ Mocl9I V-C ec..plete Optical S~em $47.95 
TRfGGElllNG UNITS 
Cl 13AI...... Optlc:ol Ttl911K Unit $2US 
I I 6129 B Magnetic AmpllA• $4.95 

CIRCLE NO. 32 OM FREE INFORMATION C•RD 

l97L BREAKERLESS 
IUIGNITION 

AT A PRICE LESS 
THAN A TUNEUP 

$38.00~ 
•No Poin ts or condenser - no more t uritups. 
e Improves t he ENGINE EFFICIENCY and 

FlJ E L ECONOMY . 
eH igh t iming accu racy & permanent dwe\\ set 
e Insta n t sta rti ng in a ll kinds of weather. 
e O ne system fits a l I cars· U .S. or foreign . 
•Uses a magne t ic sensor fo r best timing 

accu racy as do ALL U.S . MFGD. AUTO· 
MOBILES IN -1976. 

Ou r magnet ic p ic kup insures pe rfect ti m ing 
wi th no fluctuation o r retardat ion at any 
speed . Va ri able spark length- approx . 2 
m il lisec . at low speeds & 0.7 milli sec . at high· 
est speeds . This insures maximum engine 
performance- perfect far modern Iean fuel 
m ixtu res. High spark intens ity he lps elimi· 
nate misf ir ing. The above superior operat ing 
features insure Cha llenge ign it ion systems wi ll 
pay fo r themselves quickly. 

A · high pe rformance Breakerless Capacitor 
Discha rge system is offered for those who 
want the best possib le ignit ion system . 

Free BROCHURE 
BAN KAMERICARD I MASTERCHARG E 

Model 10 Breakerless ig ni tion system $38.00 
Model 11 Easy to bu ild kit . . ... . $32.00 
Model 12 Capa itor Discharge System $54.00 
Model 13 C.D . system in ki t fo rm . $44.00 
Model 14 Tr igger unit 

use with 	your presen t C.D. system . $30 .00 
CHAL LENGE E LECTRONICS 

P.0 . Box 1991 I 1162 No . Hunti ngto n Blvd . 
Po mona, Cal ifornia 91768 

CIRCtE MO. 15 ON FREE INFORMATION CARD 
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st ruction projects are a regu lated power 
supply, a 2-k ilowatt, 2-meter amplif ie r, a ~~ 
communi catio ns receiver w ith d ig ital 
read out . a cali brated field strength meter. a 
two-band so lid-state transmitter, and a 
coupler for balanced lines. .1111:. ·world's lo\vest priced precision digila.J multimeter 
Published by the American Radio Relay - - more accurate and rugged than the o l d pointerElectronics Library 

COMPUTER PROGRAMMING HANDB OOK 
by Peter A. Stark 

This is a handy guide to compute r pro
gramming and data process ing written for 
the beg inner with no special backg rou nd 
in the field , includ ing higher math . The 25 
chapters are divided into five sections : 
General, Mach ine Language Program
ming, Symbolic Programming , Prog ram
ming and Mathematical Techniques , and 
Problem-Oriented Languages. Although 
the format is that of a classroom text, there 
is no reason someone studying on his own 
can ' t benef it from the informat ion pre
sen ted. The author has provided examp les 
of the va ri ous processes he discusses so 
that. even without access to a compute r, 
the reade r can pick up a lot of the tricks of 
the trade whic h wi ll make his actua l con
frontat ion with a keyboard easier. 
Published by Tab Books, Blue Ridge Sum
mit, PA 17214. 503 pages. $8.95 soft bound. 

THE RADIO AMATEUR'S HANDBOOK 
FIFTY-THIRD EDITION 

Fundamental theory and practices as wel l 
as the latest tech ni cal deve lopments in 
radio commun ications are covered in th is 
standard reference work . Transm itters. re
ceivers , oscil lators, power supp lies, an
tennas, t ransmiss ion Ii nes and active de
vices are discussed . Communications 
modes such as CW, AM, SSS, and FM (with 
a special section on repeaters) are 
examined in depth. Tested circuit designs 
co mplement theo ry . Revised sections in
clude receiving equi pment, television in
terle rence reduct ion . test inst ruments, 
power supplies. speech processing , and 
station assembly. Among the new con· 

League, Inc., Newington , CT 06111. 704 
pages. $10.00 hardbound, $6.00 soft cover 
(US and Possessions). 

ELECTRONIC PROJECTS FOR MUSICIANS 
by Craig Anderton 

A number of the author's electro nic music 
projects have appeared in these pages. 
Here he gets it al l together in a series of 
" how-to " chapters , nineteen easy-to-build 
ci rcu i ts, troubleshooting hin ts , and 
sources of add it ional information . The text 
is illustrated w ith sketches of everythi ng 
from elect rolyt ics to need le nose pliers so a 
musician with no electronics background 
can build accessories for his instrument. A 
six-minute demo record of elect roni c ef
fects is bound into the book so that the 
musician-builde r can compare how his 
project shou ld sound with how it does 
sound . 

Published by Guitar Player Productions , 
P.O. Box 615, Saratoga, CA 95070. 132 
pages. $6.95 soft cover. 

OPERATIONAL AMPLIFIERS: 
THEORY AND SERVIC ING 

by Edward Bannon 
State of the art coverage of operatio nal 
amplif iers is presented. with emphas is on 
practical circu it analysis, design , and ap
plication . Op amp theory and troubleshoot 
ing techniques are exp lained so that those 
with a marginal technical backgrou nd will 
understand the subject matter. Practica l 
instrumentation app lica tion are given wi th 
analysis of each circuit. Among the 
spec ialized app lications cove red are func
tion generators. inductor simulation . au
tomobile speed control . fue l injection, and 
non-skid circui ts. 
Published by Reston Publishing Co., Box 
547, Reston , VA 22090, 195 pages. $13.95 
hard cover. 

me te r - - ide al for fi e ld serv ice. 

+ .9 7 5 
© MODEL LM-3 

0 HI VAC voe K/MO 100 IDOOM a 

QLO • ,;ie 
With Rechargeable 
Batteries & Charger Unit. 

Standard Features: 

$125 
• Automatic polarity and zeroing. • Large 0. 3" 
LED display. • 13 ranges: vac, vdc & ohms with 
1% accuracy. • Size: 1. 9"H x 2.7"W x 3.9"D. 
Also ava ilable ln 3- 1/ 2- diglt or laborato ry quality 
4-digit mete r. Ask for LM- 3. 5 or LM-4 

See your local distributor I 
Distributor Inquiries Invited. 

e Non-Linear Systems, Inc. 
Originator ol tho digilBI volrmelcr. 

Box. N, Del Mar, CaHrornla 92014 
Telephone (7 14) 755·1134 TWX 910·322·1132 

CIRCLE NO. 63 OH FREE INFORMATIO NCARD 

save on gas! 
save on tune-ups! 
save on maintenance! 

the PROFITNETER 
AUTO ZERO/POLARITY 

31h DIGIT MULTIMETER KIT 
WITH BRIGHT RED LED DISPLAY 

S7•!5~ H 
LE SS T EST L EADS 

& BA TTE RI ES 

214-369 -7309 

IJ£J) fllJ ELECTRONICS, TEXAS 
PO BOX 64683 
DALLAS, TfXAS 7520 6 

Electron ic ign iti on is "IN" I So says 
Detroi t . 

Update vour car w i th either a T IGER 
CO or a TIG ER I breakerless system. 

Enjoy the benefits of better gas mileage, 
quicker starti ng, elimi natio n o f tune.ups, 
50,000 mi les on p oints and pl u gs, and 
reduced ma intenance expenses. 

TIGER MAX CD 
T IGER 500 CD 
T IGER SST CO 
S IMPLIKIT CD 
T IGE!'! I 

$69.95 
5g ,95 
42 .95 
31 .95 
45 .95 

Postpa id U .S.A. only. 

Jr(Star Corporation 
Dept. ZZ, P.O. Bo x 1727 
Grand Ju nction. Colorado 81501 
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By Forrest M. Mims 

THE AVALANCHE TRANSISTOR 

T THIS month we 're going to take a 
close look at a rarely used phe

nomenon, the transistor operating in 
the avalanche mode. You can build an 
avalanche transistor demonstration 
circuit for under a dollar (less power 
supply)- for a lot less than that if you 
use junkbox components you proba
bly have on hand . 

Normally a bipolar (pnp or npn) 
transistor is made to conduct between 
its co llector and emitter leads by plac
ing a smal l signal on its base . Th is is 
how virtually all bipolar transistor 
amp lifiers , oscillators , and switching 
circuits are made to operate . 

Collector-emitter conduction can 
also be achieved automatically and 
without an input signal by simply plac
ing a voltage which exceeds the 
collector-emitter breakdown voltage 
(BV,.Ex l across the collector and emit
ter leads . This causes a spontaneous 
avalanche of carriers and the transis
tor conducts until the current f low 
through it d rops below what is ca lled 
the holding current (1 1.). 

A few rather specialized and hard
to-find transistors such as the 2N3034 
and 2N3507 are especially suited for 
avalanche operation, but many readi ly 
avai lable and low-cost switching 
transistors can also be used in an av

//cc 

Fig. I . Ba.· ic 
n1in /ancl1 e 

_fl 

Ircu usistor circ11 ii . 

alanche mode. I have had excellent 
resu lts with such common types as the 
2N914 , 2N2222, 2N3643 , 2N3904, 
2N4400, 2N5188, HEP50, and many 
others . 

There are lots of appl ications for av
alanche transistors including oscil
lators. waveform generators , pulsers. 
and high speed switches . We ' ll 
examine an osci llator circuit later, but 
first let's consider the basic avalanche 
transistor circuit shown in Fig . 1. 

Supply vo ltage V, .. is set to 10 or 15 
volts below 01 's BVn:x· When a small 
input signa l is applied to 01 's base , 
the resultant base-emitter current 
stimulates the onset o f ava lanche and 
the resistance between 01 's collector 
and emitter terminals drops to a few 
ohms or so within a couple of 
nanoseconds. Then 01 wi ll remain in 
the avalanche mode so long as the 
forward current through it exceeds 111 • 

You can actually bui ld the circuit in 
Fig . 1, but you ' ll need a pulse 
generator to operate it. Figure 2 shows 
a sl ightly modif ied version of the cir-

1 
Vcc. 
0 .:<-0YOL-7'5 O C 

,RI
/ M 

< OPT/ OIVAL.. 
,>SO K 
,> R E .S/.5T O R 

.' 

C. I 

. 0/"'" Z5oV 

Fig. 2 . Easily cissem/Jled 
rela:ta lio11 oscillator . 

cuit that is easier to operate since it 
repetit ive ly avalanches on its own. The 
modif ication simply consists of hang
ing a capacitor between the collector 
of Q1 and ground and the result is a 
simple but effective relaxation oscil
lator. Here 's how it works . 

F iy . .J. IJ11em t io11 (f Fi{J . .! 
1·i rn 1i l rlri 1· i ur1 u11 /..,E D. 

Fiy . 4. E.tpa 111frc/ l'iel!' 4 
ln u·er lm re i11 Fig . . J. 

Though V,., is higher than 01 ·s 
BV,-Ex· Rt limits current flow below 
that necessary to achieve breakdown 
and 01 stays ott . Simultaneously , R1 
allows C1 to charge , and Ot av
alanches as soon as the charge on C1 
reaches its av..EX· Then C1 discharges 
through 01 and any other compo
nents which happen to be in the way . 
When Ct 's charge drops to a point 
where the forward current is below 
01 's 11,. 01 ceases to avalanche, C1 
begins charging again , and the cycle 
repeats . 

The best way to see the sledge 
hammer efficiency of this little circuit 
is to look at the scope picture in Fig. 3. 
The top trace shows the charge on C1 
j ust prior to , at, and after it reaches the 
BVn :x of Ot. In this case 07 has a 
BVn :x of about 50 vo lts . The bottom 
trace shows the relati vely clean output 
pulse across current monito ring resis
tor R3. The pulse is not perfect , bu t it's 
not easy to produce a 60-nanosecond 
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transistor c i rc uit , keep these tips in 
mind: 

1. Keep C1 at 0.02 µF or smaller. 
Larger values may work , but with the 
increased discharge time , you run the 
risk of damag ing 01 . 

2. Avoid turning R1 's shaft to a very 
low res istance sett ing. If this occurs 
01 may avalanche through R1 and be 
destroyed by the resu ltant high and 
continuous discharge current. You 
can use a SOK resistor in series with R1 
to be on the safe side . 

3. If you don·t have a 0-150-volt de 
power supply , use a fresh 67.5-volt 
battery . Depending on the BVn :x of 
01 , you might need to use two 67.5
vol t batteries in series. 

4. Whatever power supp ly you 
choose, be sure to use caution when 
operating the circuit. Even a harmless 
looking 67 .5-volt battery can supply an 
unpleasant jo lt so keep one hand in 
your pocket when the circuit is operat
ing to avoid accidental electrica l 
shocks. Use well-insulated clip leads 
to connect the circuit to a powe r sup
ply. 

5. If you use the circuit to power an 
LED or inject ion laser, keep the leads 
in the discharge path as short as pos
sib le to avoid such inductance-caused 
effects as pulse stretching and ri ng
ing . 

6. If you don 't have a scope, a con 
ven ient way to measure the BVn:x of 
various transistors used fo r 01 is to 
inc rease R1 to a megohm or more to 
slow down the repetition rate to a few 
pulses per second whi le monitor ing 
the voltage on C1 w ith a h igh
impedance VOM. The voltage on C1 
will rise to the BVn:x and th en collapse 
as Q1 aval anches . Since C1 charges 
so fast , the meter readi ng will closely 
app roximate BVn:x · ~ 

pulse (V2 amplitude points) with a peak 
amplitude of 8.4 amperes using only 
four act ive components . You can get a 
pulse with an amplitude of 25 amperes 
or more by using an avalanche transis
tor with a high BVn :x · 

Incidentally, the circuit in Fig . 2 has 
an incred ibly fast risetime. As you can 
see by referring to the scope photo in 
Fig . 4, the approximate risetime is on ly 
3.5 ns (10 and 90% amplitude points). 

The one-ohm resistor, R3 . in Fig. 2 
can be made from a piece of nichrome 
wi re . Simply cut the wire a bi t at a time 
until it measures 1 ohm. 

Now that you know how to put to 
gether a simple high-current. super
fast pulser, what can you do with it? 
Ava lanche circuits are ideal for opera t
ing power sensitive LED 's and 
sem iconductor injection lasers. For 
example , a typical in jection laser mar
keted by at least one of the parts deal 
ers in the back of this magazine re
quires up to 10 amperes or more in a 
fast risetime pulse no wider than 200 
nanoseconds . A wider pulse will over
heat and melt the laser junction. SCR 
pulsers can be used , but they aren 't 
nearly as fast or efficient. They also 
require a higher operating voltage to 
ach ieve the same d ischarge current 
levels . 

Other uses include a miniature r-f 
tone transmitter, pulse generator, 
sawtooth generator, and audio oscil
lator. The ultra-fast riset ime of the dis
charge pulse is rich in harmonics 
which can be broadcast to a nearby 
receiver. Figure 5 shows how to mod
ify the basic ci rcuit for use as a 
waveform generator or audio oscil 
lator. The oscillator version is nice for 
initial experiments since you can eas
ily hear the frequency of oscillation . 

When you assemble an avalanche 
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SAVE! 

MONEY • TIME • FREIGHT 
~QUALITY STEREO EQUIPMENT 

- , AT LOWEST PRICES. 

~YOUR REQUEST FOR QUOTA
-' TION RETURNED SAME DAY . 
~FACTORY SEALED CARTONS
-' GUARANTEED AND INSURED. 

~SAVE ON NAME BRANDS LIKE : 

- ' A .D.C . KLH 
A.R. SHURE 
DYNACO KOH 
SONY FISHER 

PIONEER 

AND MORE THAN 50 OTHERS 


BUY THE MODERN WAY 

BY MAIL- FROM 


·11·~Q~.
I lftOll GUvlO 
Department 2 l 7S 
12 East Delaware 

Chicago, Illinois 60611 
312-664-0020 
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MACHINE 

LANGUAGE 


PROGRAMMING 

FOR THE "8008" 

AND SIMILAR 

MICROCOMPUTERS
•
READ IT FOR 15 DAVS! 

MONEY-BACK GUARANTEE 
• Detailed presentation of "8008" codes 
• Flow Charts • Mapping 
• Floating-point Package 
• Basic programs: loops, counters, masks 
• Multiple-precision arithmetic 
• Debugging • Organizing Tables 
• Editing/Assembling • Math operations 
• 1/0, Real-Time Programming 
• Maximizing memories • And lots more 

1995 • 
ppd. 

Here's the detail ed, basic 
manJal you need to develop 
today's machine language programs. 

"" 

170 pages. 11 lustra ted. Easy-to-read, 
unders tand. Most techniques applicable to other 
microcomputers, e.g. 8080, etc. Floating-point 
ar ithmet ic package is worth the price alone.

•
Order today! Read the manual 

for 15 days. If not completely satisfied, 


return it in salable condition, for full refund. 


SCELSI COMPUTER CONSULTING INC. 
1322 Rear Boston Post Rd., Milford, CT 06460 
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ELECTRONICS MARKET PLACE 

NON-DISPLAY CLASSIFIED: COMMERCIAL RATE: Fo r firms or individuals offer ing commercia l products or services. $2.00 per word (including name and 
address ). M inimum o rder $30.00. Payment must accompany copy except when ads are placed by accredited adverlising agenc ies . Frequency discount ; 5% for 6 
monlhs; 10% for 12 months paid in advance. READER RATE: For indiv iduals wilh a persona l item to buy o r sell. S1 .20 per wo rd (including name and address.) 

No minimum! Payment must accompany copy. DiSPLAY CLASSIFIED: 1" by 1 column (2-1 /4" wide). S230.00. 2" by 1 column . $460.00. 3" by 1 co lumn. $690.00. 

Advertiser fo supply fi lm positives . For frequency rates . please inquire. 

GENERAL INFORMATION: First word in all ads set in caps at no extra charg e. Al l copy subject to pub lisher's approval. All advertisers using Post Office Boxes 

in their addresses MUST supply publ isher wilh permanent address and le lephone number before ad can be run. Adverlisemenls wi ll no t be pub lished wh ich 

advertise or promo te the use of devices fo r th e surreplitious intercept ion o f communications. Ads are nol acknow ledged. They wi ll appear in first issue to go to 

press after closing date. Closing Dale : 1st of lhe 2nd month preceding cover dale (for example. March issue closes January 1st. Send order and remittance to 

POPULAR ELECTRONICS , One Park Avenue, New York . New York 10016. Allent ion ; Hal Cymes. 


FOR SALE 

FREE! Bargain Ca1alog-l.C.' s. LED's, readouts, liber 
optics. calculators parts & kits . semiconductors . parts . 
Poly Paks , Box 942PE. Lynnfield , Mass. 01940. 

SOUND SYNTHESIZER KITS- Surf St 2.95 . Wind S12.95. 
Wind Ch imes St 7.95. Electronic Songbird S6.95 . Musica l 
Accessories. many more. Ca talog free. PAIA Electron ics, 
Box Jt 4359 , O~lahoma Clly , OK 731 t4. 

BUGGED??? New 1oca1ot linds them last. W1i1e . Cl11ton . 
t 1500-L N.W. 7th Aven ue. Miami, Florida 33t60 . 

TE LEPHONES UNLIMITED. equipmenl. supp lies. Catalog 
50 cents . Box t654E. Costa Mesa, Calif. 92626 . 

UNSCRAMBL ERS: Fils any scanner or mon i tor. easily ad
1us1s lo al l scramb led lrequencies. On ly 4" square S29.95, 
fu lly guatanleed . Deale r inqu i r ies we lcomed . PDQ 
Electron ics . Box 641 , North Lillie Rock, Arkansas 72t 15. 

GOVERNMENT Suip lus Receivers . Transm1ners. 

Snooperscopes. Radios . Parts . Plc1ure Ca,alog 25 cents. • DISCOUNT PRICES 

Meshn a. Nahan I. Mass. O1908. 
 B&K, SENCORE, LEAOER, RCA 
LOWEST Prices Electronic Paris. Conlidential Calalog EICO, FLUKE, HICKOK, SIMPSON 
Ftee . KNAPP, 3174 Blh Ave. S.W., Laigo . Fla. 33540 Test Equ ipment 
ELECTRONIC PARTS. semiconducto rs . kits . FREE FL YER. ICC Sc 1~1c em.as1e 1 . RCA and Ror 1ntofl lt1be5. 

Cofrl l]llele line o~ eie-cir o"'1c s110~ 11 esLa1ge calalog Sl.00 deposi l. BIGELOW ELECTRONICS. 
Free CatalogBlutlton. Oh io 45817 . 

RADIO- T .V. Tubes- 36 cents each . Send for l1ee catalog , FORDHAM RADIO SUPPLY CO., INC. 
Cornel l . 4213 University, San Diego. Calli. 92105. 85~r:. Conk lin St. . F'a1 m1ng<1ele. N.Y 1!7J5 (516) 752·0050 

AMATEUR SCIENTISTS. Electron ics E•penmenters . • 
Science Fair Students Construc1 ion plans - Comple te . YOU WILL SAVE BIG MONEY! Surplus , Clearouts . 

Bankruptcy . ln'Vent0ty , Deals. Ca1alog Sl ~redeemab le ).inc luding dtawings , schemahcs . par1s list with prices and 
ETCOA Elect ronics. Box 74t. Montreal . H3C 2V2. U.S. sources Rcbot Man - Psychedehc show s - Lasers 
Inqui r ies. Emotion fLie Detector - To uch Tone Dial - Quadraphon ic 

Adap1er - Transls1odzed Ignition - Burg lar Alarm - HEAR POLIC E/ FIRE Dispatchers ! Cala log shows 
Sound Meler over 60 items. Send 50 cents coin (no exc lusive directories or " conlldent iar· channe ls, scanners. 
stamps) for comp lete ca1alog . Technical Writers Group , Send postage slamp . Commuoications, Box 56-PE . 
Box 5994 . University Station . Raleigh , N.C. 27607 . Commack. N.Y. t 1725. 

METERS-Surplus. new . used. panel or ponacle. Send lor CD IGNITIONS. VHF/UHF mon1lo<s. crysla ls. CB radios . 
list Hanchell . Box 5577. Riverside , CA 92507. South land , Box 3591 -B. Baytown. Te•as 77520. 

250 PIECE assonment ot hard to rind nuts used in the SURPRISE' Build Inexpensively , lhe most Unusual Test 
elec tronics industry. Over 45 di fferent sizes m brass . steel, lnstrumenls. Fulurlsli c Gadge1s using Numerical 
atumm um. 54.75 postpaid . Fastenmg Products . Box 151 . Re adoutsl Catalogue Free ! GBS, Box lOOA , Green Bank. 
Chercenham. PA 190t2 . West Vi n;i inia 24944. 

WORLD'S SMALLEST 
RECHARGEABLE 
CALCULATOR.~.19.95! 
~ Everything !I Ones f!E 

'  Sma l l but mighty! 8-dig it, 4-function 
electronic calculator even has automatic % key ... for only $19.95. Take it any
where. Carry it in your pocket or pu rse - it's 2f.i the size of a pack of cigarettes. 
This 3 1/z -ounce dynamo features float ing decimal , constant key, lead zero depres
sion, clear entry, more! At Edmund 's low price, the unit comes with a Ni-Cad 
rechargeable battery pack that can plug into any AC outlet. No need for spec ial 
recharg ing adapters. Calcu lator overall is just 2 x 3 Y2 x U6 " with plenty of room 
for most fingers. Another Edmund first with advanced technology. $19 95 

STOCK NO. 19451AV ...... Only • ppd. 

~~:~~~~:.~ 11 EQMUND SCIENTlflC CO . '°' I 
Over 4,500 Un -11 Send me: 
usual Ba r gains 0 SEND fREE iiiiii _ ELECTRONIC CALCULATOR(S) I 
f or Hobbyists . 172 PACE CATALOG 'IAV' 
Scahools , lndj UUSStTry .c" HE CK ., 0 Charge my BankAmericard @ $19.95 ea. (No l 94SAV) $_____ I 

I] Charge my Ma ste r Cha rge Ser"1ce and handling charge $__ $1. 00 

COU PON ' Interbank No .______ En close d is I 
Card No. ________ EDMUND I [j chec k, [] m.o. 1n amount of$___ I 

SCIENTIFIC CO. I Expuati9n Date____ Signatu re ---------  I 
300 EDSCORP BUILDING 30 -DAY MONEY-BACK GUAR· Name ___________ 

Barr ington, N. I. 08007 I ANTEE . You must be sails- Please print I 
I 

hed or relurn any purchase Address _____________ 
(609) 547 3488 1n 30 days for full refund . I 

America's Greatest 
Science• Optics• Hobby Mar I 

1 City State__ziP-1 

~----------------HELPING TO DEVELOP AMERICA 'S TECHNOLOGY FOR OVER 30 YEARS . 

SURPRI SE! SURPRISE! Digital Piano Tuning Device lunes 
musical insHuments Accurately ! Perfect ly! Inexpensively ! 
Constr uction -l nslruct ion ~ Plans Comp lete 512.95 Airmailed 
Pos1paid ! Moon llgh1ing quickly repays S40 electronics in· 
ves1menl! GBS. Box 100P. Green Bank . West Virgin ia 
24944 , 

RECONDITIONED Tesl Equipment SO.SO for catalog . 
Waller's Test Equ ipmen1, 2697 Nickel . San Pablo, CA 
94606. 

POLICE. Fire moni1ors. scanners , cryslals, CB 
Transceivers . New C1ystal- less scanners. Discount priced . 
Bo• 19224, Denver. CO 802t9. 

TELETYPE EQUIPMENT lor sale for beg inners and exper
ienced compute r enthusiast. Te letype mach ines . pa rts. 
supplies. Catalogue St.DO lo: ATLANTIC SALES, 3730 
Nauti lus Ave.. Brooklyn , NY 1t224. Tel: (2 121 372·0349. 

BUILD THAT ELECTRONIC ORGAN YOU ALWAYS 
WANTED AT A PRICE YOU CAN AFFORD. Third edition of 
"Organ Bui lder·s Gu ide:· pictured producl kit line . ci r
cuits. block diagrams. design rationale using IC divider 
an.d 1ndependen1 generators with diode key ing . S3 .00 post
paid. Also . free brochure on keyboa•os. DEVTRONIX 
ORGAN PRODUCTS. Depl. C . 5872 Amapola Dr .. San 
Jose. CA 95129. 
MECHANICAL . ELECTRONIC devices catalog 10 cents. 
Greate st Values - Lowest Prices . Fertik 's , 5249 .. o··. 
P~ iladelph i a . Pa. 19120. 

JAPANESE TRANSISTORS. all transistors original factory 
made. Free catalog . Wesl Paci lic Elec!ron ics. P.O. Sox 
3879. Totrance . CA 90510 . 

CB RADIO. Scanners . Antennas. Tne besl lo r less. Free 
l•SI. Capilol Sound. Sox 3523, Des Moines, Iowa 50322. 

YOU WANT TO BUILD IT: WE WANT TO HELP. WE SELL 
CONSTRUCTION PLANS wilh an Eng ineering Service . 
TELEPHONE: Answerin g Mach ines. Speakefphones. Car 
phones. Phonevision. Touch Sutton Dialers. TELEVISION: 
VTR. 1· · Colet TV Set , PONG . S25.00 Camera. COLOR 
PROJECTION TV . HOBBYIST: Electron Microsco pe, S75 
software programmable computer. BROADCAST: Special 
Eflecls Generator. Ch roma Key , Audio Board, DA' s. 
COURSES: Te lephone Engineering S52 .00. Detective 
Elecironics $29.50 , IC Eng ineering 565.00, PLUS MUCH 
MORE. NEW Super Hobby Catalog PLUS year's sub
scrlplion to Eleelron ic News Leiter AIR MAILEO St.00. Don 
Britton Enterprises . 6200 Wilsh ire Blvd .. Los Ange les . 
Ca lit, 90048 . 

WHOLESALE C.B .. Scanners. Anlennas, Catalog 25 cents. 
Crystals : Special cut . S•.95. Monito r 53.95. Send make. 
model. lrequency. G. Enterprises . Box 461P. C learfield . UT 
640t5. 

SEMICONDUCTOR AND PARTS Ca1alogue , St .00 re fund 
able, from !he sem1conduc1or specialis1s . J & J Elec 
11on1cs. Box t437P , Winnipeg, Manitoba. Canada . U.S. 
Inqu i ries . 

ELECTRON IC ignilion : PoinUess. Transis1or. CapacitoL 
Vapor inductors. Auburn Sparkptugs. lnlo rmalion 10 cent!' 
Anderson Engineering . Epsom. N.H. 03234 , 

TV PING PONG game. Plays through your set's antenna 
1e1minals: Plans S3 .25. AAS SYSTEMS. Box 1922, Sunny
vale. CA 94086. 

6 MHZ CRYSTALS including schematic and info to gen
erate 60 hz-12VAC 10 make your digilal clock run on 
batleries. $10 .50 ppm US. Eastern Sales. Box 510, Raleigh, 
NC. 27602 

ELECTRONICS 
DESIGN NEWSLETTER -** Logic Oe!i lgn Techniques It,,,..,, 

\.ee.~\"'i 'C\ * Oigilal & Lineer Design r4 {'Etor
o&"'~~""es.\ Thciory &. Prccll!lduret 01/ioc 

1'.ec:.n\"'i' * Ccns lfoctlon Prolee ts 1 i;:;1
' 

Subs.cr lption $6 Sample Copy S\ 

~VULEY WEST Bo• 2119-f Sunny•ole, CA 94087 
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FREE INFORMATION: 

Use only one card per person 

Learning more about a ·---------------------------------------------~ POPULAR ELECTRONICS PE7763 
i; Use only one card per p~rsonproduct that's advertised " NAME----------------- 
" or mentioned in an article L 
I ADDRESS_______________' in this month's issue is as • 
r 
I 

l CITY._______STATE____ ZIP-_ _ 
t.simple as one, two, three. f !Zip Code must be Inc luded 10 insure delivery .I (Void after Sept . 30, 19761 

t. 11 Are you a compu 1er hobbyist? 0Yes 0 NoAnd absolute ly free. 
l 

[ 

r 21 Might you become one? 0Yes 0 No 

•
I 

[ O Ple ~se send me 12 issues of Popular Electronics for S6.99 and bill me . P rin t or type your •~ 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 
name and address L 

~ 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 
' I 31 32 33 34 35 36 37 38 39 40 41 42 43 44 45on the attached, • 46 47 48 49 50 51 52 53 54 55 56 57 58 59 60 

posta ge-paid card. 1: 61 62 63 64 65 66 67 68 69 70 71 72 73 74 75 
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First Class 


Permit No. 217 


Clinton. Iowa 


BUSINESS REPLY MAIL 
No postage necessary if mailed in the United States 

POSTAGE WILL BE PAID BY 

Po11ular Electronics 
P.O. Box 2905 

Clinton, lo\Na 52732 


First C lass 


Permit No. 217 


Clinton. Iowa 


BUSINESS REPLY MAIL 
No postage necessary if mailed in the United States 

POSTAGE WILL BE PAID BY 

Popular Electronics 

P.O. Box 2905 
Clinton, lo\Na 52732 

Firs t C lass 


Permit No. 217 


Clinton. Iowa 


BUSINESS REPLY MAIL 
No postage necessary if mailed in the United States 

POSTAGE WI LL SE PAID BY 

Popular Electronics 

P.O. Box 2905 
Clinton, lo\Na 52732 

CITIZENS 
BAND 
HANDBOOK 
by the editors of 
POPULAR 
ELECTRONICS, 
has it all ... 

all the authoritative information you need 
on CB two-way radios to make an intelligent 
buying decision for transceivers, antennas and 
accessories . . . 
Here's a partial look at what the experts have 
packed into one volume: 

• 	 You'll have over 500 CB models at your fingertips, fully 
described with technical specifications. features, 
latest prices and photographs. 

• 	 Lab test evaluations on mobile and base-stat ion 
transceivers, both AM and SSB, spe ll out 
what the rigs can really do. 

• 	 The latest FCC Rules and Regulations are discussed 
in down-to-earth language, so you truly know what 
you can and cannot do legally. 

• 	 Manufacturers' specifications are " decoded" so that 
you will be able to read a " spec sheet " with ease. 

• 	 All about CB antennas - the true key to "talk power. " 
• 	 CB language translation chart. 
• 	 How emergency CB associations can save your life' 
• 	 How phase-lock-loop digital synthesizers work . 
• 	 The latest Flash Report on upcoming CB units pre

sented at the first all -CB-manufacturers show. 

Re1ular price by mail fcir the 1976 CITIZENS BAND HANDBOOK 
will be $2.00 includin& posta1e and handlln& char1es. WE ARE 
RESERVING COPIES NOW AT $1.50 FOR All ORDERS RECEIVED 
NO LATER THAN JULY 31 , 1976. SAVE MONEY and enjoy the 
convenience of recelvin2 your copy by mall. 

HERE'S HOW TO ORDER 
Mail your order along with your name, address and remittance 
in the amount of $1.50. (Residents of Calif. , Colo., Fla., I ll., 
Mich ., Mo., N.Y. State, D. C. and Texas add applicable sa les 
tax) to: 

Citizens Band Handbook 
Consumer Service Division 
595 Broadway • New York, N.Y. 10012 

Outside U.S.A. copies are $2.00 . 
Your reserved copy of the 1976 Cit izens Band Handbook wi l l 
be mailed to you from first-off-the-press copies when pub
lished in August, 1976. 
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MAGNUS TONE GENERATOR BOARD 

DESCRAMBLERS· Several Professional Models Iha! work 
wi th al l Scanners. Tone EncodefsfOecoders. Scanmale . 
AAPP. Radar Delec to rs. Big Ea,s. Ararms. Books. Kits . 
pans Catalog 25 cents, KRYSTAL KITS. Box 445. Ben1on 

_ 

v1l le. A1k . 72712. 

C ARBON FILM RES ISTORS B•and new as low as 
c ents Oisco un! s o! 20 0:.0 Pr ompl delivery FREE 
s~mptes/ spec i!icat1oos COM PONENTS CENTER . Bo.x 
134P. NY.. NY. 10038. 

TV TECHNICIANS. SERVICEMEN . HOBBYISTS-Visla 
Mo'IJe l 740 D1g1 al Cro sshalch Generator. Compact crysta l 

d1v•der 101 lowest -priced ul:ra·slab le 5x7 crosshalch o r 56 
do t p aBerns. AC po i,.ve,ed . 531 .95 c omple!e ki l ; S4 1.95 as
sembled Pos tp;;11d m USA. Cana~i'I . ln lorma1 ioo available 
h ee. Ph oto lume Co rpor ation . De._)t PE·76. l l B East 28th 
Str et Ne w Yo rk. New York 100! 0 . 

PLANS- V1oeo Pong 52 00. Laser $2 .00 . Pro1ec1 ion 
TV $2.00. Cata log 50 cents. Tec hno logic. Box 5262.This MAGNUS tone generator board has 12 SCR oscillators & IC 

dividers for 37 notes (3 octaves), plus 3 chord oscil la tors. T he basic 
component for your organ or synthesizer. Req uires only +5v, +1 5v. 
and an amplifier. Use with our P5210 keyboard, below. 5%" x 19Y. . 

STOCK NO. P5244 $17.95 each, 2/35.00 

Matching 13 watt amplifier for use with P5244 tone generator . 

Complete with power supply rectifiers & f ilters . 4 '!." x 6". 

STOCK NO. P5245 $9.95 each, 2/18.00 


STOCK N.O. P5348 Power Transformer $3.75 ea, ·2n.oo 


11 1111111 
,..,,,..,.....,.,...__.......,.,.....,,......n number of matching 2 & 

2 and 3 OCTAVE KEYBOARDS 


We have a l imited 

3 octave keyboards. Use 
with tone generator, 
above, or w ith a syn 
thesi zer of your own. 
P5210 has 37 keys, is 

9 %" x 19". P5280 has 25 keys, is S Y," x 13". · 
STOCK NO. P5210 41bs. 3octaves $17.95each, 2/35.00 
STOCK NO. P5280 3 lbs. 2 octaves $8 .95 each, 2/17.00 

Send for latest free catalog . Minimum order $5, phone orders 
welcome: (6171 388-4705. Include sufficient postage; excess wil l 
be refunded . BANKAMERICARD & MASTER CHARGE welcome, 

For 

faster 


•service 


USE 

ZIP 


CODE 


on 

all 


mail 


Q,cliard Lake. Michigan_ 4_8_0_3_3_.-------- 

IC BONANZA 
. O~ra C::iif'f'l uu h 1nr>n l; ,, lhf"SC 1!ems 

M5J.30 N.at•un 11 1 OV·M on a c1110 s 995 
·1,o;i II< S1J.tic Ram J:SO N S '60 
"5203 0 ErM£!'aDI~ P1o m ~K 11 95 
"5-0JHJ s11~1 e rule ca1cu-1;:i1o r cn 10 395 
'!;07• 0 fop ociavc 01 911n ch ip 595 
'50250 Ala1•11 cloc k. Chip J ,J5 

LM~I OK - 3 5 Vo ll PO!> r"g1,.1 l3t01 .89 
LMJ.tOK·f:il ,2 Voll pos 11~9u l i\lo r 69 
LMJ..10 K· l 5 l !io Volt po~ u~gul,lto1 89 
LMJ •IOK •2·1 24 VO JI pos Hl gul<t lOf 89 
I M.:l:?OK-S S vou ne!) regu lato1 ,, 
l MJW·5 2 S? Volt n eg 1e91,.1 1n1e1 1 9, 
l MJ20K· 12 12 Volt neg rcgula•or 
N8252B eco to aix: 1mal docotler 79 

962 Tr1 o l~ 3 mpu! n3no glltc 09 
1N6050 Q;irl1nqtnf'I 75 
2N60SI DJr l1ngton 79 
2NG2B5 o.111111gion .99 
ZNG2B6 Darling ton 1 04 

SEND FOR FREE CA TALOG 
M 1n 1mum o raer SS 00. data shee1s 25 cents each . 
Include 5"o o l o rder lo r pos1age aoCI handling . 
Texas tes•d n1s include 5°" st ale sates lax. . 

BONANZA ELECTRONICS 
P 0 Bo• 2J 767 Danas. Te xas 75224ALL numbers needed for processing . Minimum charge $1 5. 

CIRCLE HO. 65 OH FREE INFO RMATION CARO 

MODULAR SCIENTIFIC 

INSTRUMENTATION 

~ 
move 

KI T 0 16 F Fl E G. C 0 U N T E Fl 

Features FET input fro m end ·with lrigger c1rcui 1 for 
measuring coll'tplcx wa"cforms. Meawrcs lrom 0. 1 H:c to 
lOMHz when used wilh Ki t 0 15 or 019. Measures lrom 
.01Hz to 35MH z when used with Ki1 013 and 014. 

SZ4.50 

KIT 017 DVM 

1.999V ns ba-stc:. with polarity lndica1ion. 1 M ohm iOJ}U l 
impedance and accufacv 10 1% ii propeflV adjusied 

Si l.SO 

KIT 020 FIPM COUNTEFI 

Now you can bui ld sonic of tfie most advooced digital electronic insuu · 
mcn ts wi th our new series of low-cos1 modular scient ifi c kits. These ki1s 
will l}x pand the range of vour elec tronic a1iplic:at ions enormouslv··and all 
a1 a s.1.1 rp risingly low cos1. 

The hear1 of 1lie system is aiur 4-digil Oe.;ade Counwr {Kit 012) which 
leaturcs a lull 4·d igit LED ,oadout [vou choose the size best suited to your 
applicalionl . Combine 1llis wilh t1 S·volt regulated power supply ~Kil 0301 
an<I you ha11e the basis of i11 wide rnnge or sophistici:ned clectronlc instru· 
ml'r'l tS, including: 

A Digital Vol1me1er (OVM) .• Kit 012 + Ki t 030 + Ki t 017 
Frequency Counter ........ ........ Kit 0'2 +Kit 030 +Kit 016 +Time Base 
RPM Counter................... .. .... Kit 012 +K it 030 + Kit 020 +K it 018 

~,.-.-------------
TIME BASES 

I Mhz crystal chain lime base divider. Ou tputs: 
1Mhz-100Khz-10Khz· 1Khz- 100Hz- 10H z- 1 Hz-0.1 Hz. 
Accuracy battct 1h11n .005% w i1h pr~r ;;idjustmen1. 

Ki1 013comptue CMo'Swith PC heard _ ...... $15.75 
Bulfer Circuit fo r TTL l otat facing 

Kil 014 Same as K i t 013, but with TTL•.. ..... Sll.75 

Ki' 015 SOHl or 60Hz chain lime base using line 
rr ec1uenc:-c as re-forence. Accuracy 0. 1-0.05%. Ou1puts 
10Hz-1 Hz·0.1 Hz. ComplclO with CMos shaping cir· 

4-DIGIT DECADE 
COUNTER KIT 

SMS.915 

KIT 01a 

One chip 4 d igi t decade coumer 
kit. with both 7 segmen t and BCD 
output. 

1. Chip features internal osc illator 
fo r scann il'\11 :s,pttd. 

2. 01o'crfrow an.d coum extent out· 
pu ts. 

3. Trans:fer, resa t, coun t, blanking 
and trne compliment control in· 
purs. 

4. PC Boards can be cascaded 10 
B-12· 16, etc. dig iu. 

5. K i t Includes coumer cl'lip, drive 
circu it fa r 4 cathode type dis
p lays and PC Board, fFor read· 
out board,.. (FN070-FND503) 

Counts from 1 to 100,000 RPM. RPM coun1er kil contains 
compoMl''ll'S and PC bo~rd. 

cui 1 .aind PC Bo.ard......... .... ..... .. .................... ... S9.7!i MORE TO COME 
58.95 

KIT 030 POWEFI SUPPLY 

"Inpu t voltage: 25V max. ·out1>u1 currnnt : 1 am 1> max . 
~ Load reg1,1 lation: 50mV . •Qutp1,11 voltage : SV . 'Lin!! 
regulat ion: .01'~ . !requires B-20V trao5formed 

$4.55 
(Contains al l piltl.S e:.:cept 1ranslormer) 

Kil 0 19 Sama 01s Kit 01 S. but wilh TTL and 60Hz 
on lv................. .. ..................... Sl .75 

Kil 018 60Hz chain time base u~i n9 line rrcquence 
for Kit 020 ~PM counter. 

"Outpu 1'S : .6 SC'C. "' 1001h of hPM 
6 sec, "' 10th of RPM 
60 set:. = ff.Ill revo lu1ion 

Si.75 

Watc:ti 1l'lis space in futurn is~cs for additional kits, 
includ ing Mult imeter, T imer. C8p21ci1ance Me itt, 
Thermometer an'd many more. With our kits and 
your imagination, you'll l ind dozens or new and 
exc i1in9 applica tions. 

ALTAJ 
ELELTf:UJl~HLS 

P, 0 . Boie 38544, O•llu. T•ic.11 7S:ZJ8 

TEFIMS: CP'M&i;k OI montv Ofdl!f. No COO. 

Telephone (214) 278·3561 
Ttic111 AeskltnH Atld 5% 

MSI Send ror your n1emtmrship can.f to lhe Modular 
Scic1nific: ln'Sl rumienlation Club and recciyc a 
big 11J~ olf on fucure purer.a~ of M.S. I. kits. 
Scnc.l SJ.00 w i I h your name and ;;1ddres:s. We 
will prornp! ly send your very ovm registered 
mc1nbcrshi1) CiJ rd . Don't miss ou1 on 1h@ 
wyin!JS.. Wri ce now.CLUB 

MernbtJrsh i11s v,1tirl lor one year lrom dil!te ol registrat ion. 

NEW MANAGEMENT! 

Fr~ Postage 
No Min imum Order 
48 Hour Service 
24 Hour Phone Service 

WE ARE EAGER TO SERVE YOUI 

CIRCLE HO. 6 OH FREE INFORMATION CARD 
POPULAR ELECTRONICS 110 



I 

Ideal lor Freguericv counter case functiori 
generalor, etc. 01w'erall heigh t 4". length 12". 
width 7 I/2". 

(lnc lud1.-s 101>, bottom, 
11nd hardwarn.) 

120 volt 1mwer cord included . 

MASTER Q 

LSI INTEGRATION 

' 
MM5316 4..fi digit al;,rm clock 40 pill dip w/spec.......____ . .... S 4.25 connnenTAl JPECIAlTIE/ ··~ Pro~ 
7002 4 digit coonter/la1ch decoder; 7 segment and Boor 

BCD outpuls . 28 pin d ip w/5pec.. .. ............... ....... S12.50 THE ONE SOURCE FOR EVERYTHING 
7005 d digit covnter/la1ch d@'Coder : 7 segment outpu1 NEVI IN BREAO BOARD ING 

oolv. 24 pin dip w/ spec......... ................... s 9.50 
7007 4 digit counter/lalch decoder with BCD oulput 

only. 16 pin tJip w/spec... ... ..... ...... .......... .. . S 7.00 
70250 4·6 digit alarm cloc.I< 28 pin dip w/spcc.... ... ..... .... S 5.50 
PC Boa•d fo,70250............... ........ ........ .......... .. ................... ......... S 4.25 
70380 4 cJigit non -multiplexed radio alarm clock 

featuring direct drive tHsolay output 40 
pin dip \•dspec ............ ........ ... ..............................S3 .S 0 


PC Boa•d fo , 70300....................................... ... ........................ S 3.75 

800B 8 b; t P>'•llel CPU .......... ....... ... ........................... S19.50 

2102 l K Slol iC RAM for BOO!L...................................... S 2.25 

MM5203 . 2K UV eraseoblc PROM ................................ .......... S12.25 


~~:~~ :~~~:v~~'.~~.~ ~~:~·.'. ·.~·.:·.·.~~·.~·.~~·.'. :~~·:.:·.·::.·.:·::.:·_·.".'.'. : ~:~·. ~ g:~~ 
7020 6 function calculator chip wi th d irec1 

segmen t drive. 8 digit ................ s 2 .25 
 csc 

Fea1ure!i 4 - digi t temperature diwlay ; fa1 enhei1or ccn1igtade; 
compl(.ltl"' C·Mos a1>Plicalion; uses 7002 4· digi t coun ter. 

Krt includes .ill components, re Board and mstruct1ons for in terfacing 
offl th THE KING 6-dioi1 ala rm clock. Add ition N"mbe r 1 ,........................*****..........................................

~ Hs::J7730 	 ~n~: : ~bM! ttMOutsJ ,- u.5 ln. hi!]h. 20mA p«!r 
.33 in. ~ign rod segment. Common anode. 
very bcoght SJ .75 
25m A per seg. 

Common anode. F N 0 B 0 7 ANOO%: 
SI .20 S: NO BO 0 CATHODE 

I.' . •on0 . "1he marker.'" ThokldeiJI< .~ '"""'"-160... de ·iiila. 	 d 1g1t.'Jifl1! ~;~~~~~ii~'.sptay for largo readout Free socket. SZ.50 

'~ND:mym: application. ~n Cathode. 	 S4.95 ~ 

51~::~ Jj ~ LEOS \":a~'RROUGHS 
• 	 Minitll'd .12 '12 DIGIT 

Jumbo red .15 
Jumbo g1·ccn .20 


Tl 
 Jumbo yellow .25 < .._1~.. C L 3 3 
d~~ . If you like an 
~'·r array of d1spl<1vs. 

full y mul tiplexed common cathode. ~ .:,1/ we hilve it. Com
Goldplated. Idea for mini 6 digit mon cathode. 
clock. S1.3o 	 Sl.45 

4 & 6 DIGIT 
PC BOARDS 

PC B~td 101 II d rg11 d1sitl.> FNO 800 01 807 S1.7S 

PC B°"'rd 101 6 th!J•t d•wl.ev FNO 800 01 80' SJ.SD 

PC Bo.ard for "' d"}t l drtPl•~ MA ' ie'I<'' or OL107 $1 .15 

PC B~r4' to1 6 d~!}1 t d•splo1y MA se-r.es 0t OL101 S2.2S 

vc s~rd !or .: dl(j•t d•SDl•V FNOSOO 52.00 
PC B~r«' ror 15 1.H;1t d1~nl•'~ FND~J 

I 
SJ.DO 

PC Boo•d lor 4 <l1g1t d1wlo1y 01.747 Sl.SO 

PC BQ.il1d lor 6 d1g11 chs.plav Cl. 747 $3.00 
PC Bollfd lor 4 oig1t d1spli1V OL 121 S2 -2~ 

PC Bo111d lor 6 d191 t di5plav 0L127 SJ.OD 
PC B°"•d la r oQ d1q1t d •ml8v FND70 SUS 

AP1 PC (hlOt•v bOarcis " ' t! "'ultlpleAtd /or ltdd•"9 ildd•l 10 NI d1gi1s 

ALARM CLOCK 

t<tT ND. '1 s13.9s 
(whh PC Board) 

FEATURES: 

Direct drill'e di.splay output~. • Current control regulation-on chip. • Low powe-r brigtunes5 

cootrol ·on chip. • RFI eliminating slowup circuitry, • Slttp Radio fea1ure , • 24 hr. ~noole 

al.a rm, • Independent digi t ~ning. •Non mul !ipll!'xed ou tput circuiiry . 12VAC CT 1/2 amp 

transfotme:r ror Kil No. 1 	 S2.00 

• KIT NO. 2 

Complete kit with c:omporienu, PC Soard, Tr ansformer, wood 

grai n c..dse aod filt~r for display window. Includes .25 in . 

readoul:!i. $ 21.5 0 


KIT N0.3 

Complete kit with component5, PC Board. TrnnslOTmer. wood 

grain c351!, and fll tf!r fo' disµ lay window. tncludes .5 inch read
0\115. $22.SO 


• Components lo' Kit No. 2 or Ki1 No. J ~leep tadio featu re. add S.95 

THE KING OF ALTA.J 
INTRODUCING:~·.. 

TANYA .., JI ,, 1/ 1
.• • 

(60 Hl . Crystal Time Buel _ _ - 1 

1 
ADDITIONAi. FEATURES: 	 '/, '(. 

1.1 Low Power Consumption -.: 1 :f,.. r ~ _ 
2.1 Dirnc<ly l<>tcdacc5wi1h King MOS Clock Chip . J :'.;:1<.. ~ ): fJ '·::I-_ 
3 .1 60 Hl oumu< with «vml <ime base accurocv ·~! :=-.~~ ;~ - · ;_ ~~;
4.1 I C'l~a t for Cars. Boats. & Campers. ·:;..:, t.' .. · '-' f - · ~l~ , ~ • :· ..:"'!.i ~j 

Kit JncludL'S All Components. P.C. Board. and tnsuucrions fol' - -- ' ·- 1 
l"lterfacin~1 wi th "THE KING' ~-Oit1i 1 Alarm Clock. 

DELILA APPLIANCE STARTER 5 9.95 
~ExampleJ Sel your a1lSrm for 7: a.m. , set timer 
for 15 mi1l . At exact l\• 7: a.rn .• the ill>Plianc€t 
will srnn : at 7:15 vour clock alarm will wake 
you . 

Kit inc.ludes · all compcnents, PC Board and inslruc:l ions lor interlacing with TtiE KING 
6·dig1t alarm clock. Add i1ion Number 2 

aAAAAAAAAAt ..... AAAAA*AAAAAAAA•AAAAAAAAA••••••· ...............~--.............. 


FATIMA 4-0IGIT TEMP. KIT 
5 19.95 

................................ 
THE KING 5 23.50 

B-OIGIT ALAl'lM CLOCK 

THE KING FEATURES : 

I) 6 digit , 12 hr. 60 cycle or 24 hr. 


50 CJicl& alarm clock. 

21 Time shoring capabili ty for tllS· 


pll!ly ol addi tional information 

31 Sirigl e 12v. supply and ii mm1· 


K11No. 70250.lR IRedreadoutsl mum of lnrnrface componMts. 

Kit No 70250-l G (Green teadou1s) 4) AM -PM a11d au 1om;;Hic power lail· 

Kit No. 70250· tY CYellow rei'ldouts) ur1! indic<nions.. 

Ki1 No. 70250 2R tOL727 readouts) .... .. S28 .50 5) 10 minute snooze 

Ki t No. 70250-JR (FN0807 readou ls). .. $29 .50 61 lmensity t:onirol ol LEDs. 


All k.iLs inclucle components, PC Boards, Tr:i.nsformer. ca~. afld constn.rction manual. 

·~:;~·~**·**••tij• ..·····~~~~·;·· ...··- 
7400 - .21 7447 . .94 74 151 .80 4000 .24 4018 ·1.49 4005 -1.39 
7402 - .21 7448 .,94 74153 . . 94 400 1 .24 4019 _59 4037 4.50 
7404 .. 21 7•53 - .21 4002 . .24 4020 · 1.59 4040 -1.5974154 -1.00 

7406 29 7473 - .42 74161 -1.04 4006 · 1.49 41021 -1.49 4041 - .89 
74163 ·1.24 	 .797-108 	 .2 1 7474 - .42 4007 .24 4022 · 1.19 4042 

74 10 ..21 7475 - .70 74 164 · 1.94 4008 -1.15 4023 .24 4043 .so 
7413 . .54 7476 .44 74165 -1.54 4009 - .59 4024 ..99 4044 .59 

74174 · 1.34 4010 .55 4025 . .24 4047 .597420 - .2 1 7483 - .90 

7427 .29 7490 - .74 
 74115 -1.44 401 l . -24 4026 ·1-49 4049 _59 

74181 -2.80 . -24 . .59 4050 _594012 	 40277430 	 .21 7492 - -80 74192 -1.30 	 40664013 - .59 	 4028 . .99 - .997437 - .44 	 7493 - .80 74193 -1.30 4014 -1.49 4029 ·1.39 4017 . .397438 . 39 	 7495 -.80 74195 ..84 4015 · 1. 19 	 4030 .49 74C92 - .297440 	 .21 7496 - .BO 74197 ..84 40 16 .59 4032 .24 74C04 · .29 
74123 - .BQ 

7442 - 74 	 74121 - .43 
4017 · 1.29 	 4033 -1.49 74Cl07 .1.29 

4034 ·3 .25 

GE TRANS ISTOR ASSORTMENT 
T098 cased Dad;ng.• SC Rs. 
NPN.PNP, ect. 

50 for S0.95 
100 lor Sl.75 
300 lor S5.00 

GOT A CASE? 

HER E'S T H E C U RE ! 


Wtitt 101 out FREE Br 11churc1 
'101TTL BOA ROS 

MEMOREX computer bo~rds wi th TI L's 01od«'S 
and Transistors. e 1c. :RANSISTORS-OIOOES 
5 Boards containing 150·250 IC's RCA200V 1ISW T05 NPN 1.25

$3.B!S 

• 
 GE 040CI NPN Dari. 0.25I r. _ 2N4443SCR 4()()y8A T0220 0.65 

555 Timer M1111 dip 0.65 2N2222 NPN Gen Ampl . 0 .20i~'·'i~H· Ysr:- 8038 F1,.1nc 11011at genera tor 4.25 2N3904 NPN Otiver 0.1S 
..- ~ "·~1· 1 ... 1·1· 1·1 · 1· \ RCA 30.13 FM If. Aud Prt.•am1>. 1.20 2NJ906 PNP Compl. 2N3904 0 .15 

565 Phase Loe.I< Loop 1.95 '/ 2N4400 Nf'N Low le...el noise 0 .20MUS IC:: 60 WATI COLOR ORGAN 	 /
567V Ton~ Dccat1e• 1,50 2N5401 PNP Nix•e dri\rl!'r 0.25I
LM 723 Pos. Vol l. Aeg. 0.55 M 1N4004 400PIV 15 lor 1.00 

CotTipletely self contained uni! w11h LM309 5v. LJmp R~' 1. 10 I 1N4007 4000PIV 10 lo• 1.00 
LM380 2w. Aud io Amp. 8 11/n cl ip 1.00 1N74G 3.3 Zen, 4 lor 1.00 

5 1 .6 0 LM 74 1 0 11era11onal Atn1l. 0.25 P 1N4 148 Swi1ch 2010' 1.00 

LDDK! 
f1 om Altai to you. il $Jn~c1,lt olle-1.ALTAJ 

Power Sup11ly KH . S Voh 1 Amp. Req . 
Li11e 1egula1ion .005%ELECTr\[]r.-l~C5 
load tegulation 50mVP.O. BOX 38544 , D1lbs, Tu..u 75238 

f£AMS. C~ .. 0 1 inoo~ Or O!!!r No COD. Ki t includes Coff1poncou. PC 800,d, Tram!., 
Telephone (214) 278-3561 fu~. Pilot Light $ 5 5 o 

r,. . ,,, n,"n1t!n u A.aa f>' No1hirig else to buy: · 

JULY 1976 	 CIRCLE NO_66 ON FREE INFORMA110N CARO 111 

http:70250.lR


FREE Ca1a1og . Ullrasonic De"' 1ces . LEDS. Transistors . 
IC 's. SHobe Lig hts. UARTS. Memories.. D1g1l al Thenno· 
melers . Unique Componen!s Chaney·s. Box 15431, Lake 
wood , Ca lo . 802 15. 

ll·RAMS 
2102-1.50 

m 
1400 14 1411 3 
1401 11 1mo 
7404 16 14151 
1410 14 14151 
mo 
m1 

11 
15 

11160 
14161 

1438 21 14163 
mo 14 14165 
lJJ I 45 IJ llJ 
7450 14 IJ J71 
145 1 14 /J I/I 
/.!13 11 141 0 
/414 13 141 I I 50 
1493 10 IJ 191 I 00 
/49) Jg /4191 IO 
/41Jb I 00141 J 10 

74198 I Oil 

PREM IUMCOMPONENlS PROMS 
INlR ODUCTO RY OFFER 5223,5123-1 95 

SCHOTI!Y 
50 mo2 25 m · l'>l 95 
60 
60 
60 
11 
11 
15 
o 

I'> 
II 
IQ 
80 

14531 40 /4U6J I 50 
IJ' 5 ? 00 74l '.- l64 I 50 
14 ~1 40 50 HL SllJ I 0 
1 1 ~ 111 3 50 m s 115 1;o 
11 >175 50 74L Sl9J I )0 
1151a1 l 50 m m1 1so 
14\197 1.50 14l ~25J l '>0 
115211 I !>O /4LS1;/ I 50 

1mm1so 
tu... Pl'l ,., et 
'•Ch1 · 11" 

IJL 00 1\ 
IJL .o1 71 

CMOS 
JOOI 16 .\030 31 
4007 lu 40JO JI 
J006 90 404? bO 
4001 16 JQJJ IQ 
4011 16 4049 JS 
4011 16 4050 JS
•on i: J066 ~~ 
4011 95 4068 5 
4013 I 40 11 16 
401J I\ JQ /J 16 
4015 20 4015 16 
4011 40 4116 9) 

141 111 85 P &H '•lo! kn •dd o' I•• 

QUALITY ELECTRONIC COMPONENTS 

NEW DISCOUNT SCHEDULE 

SAVES YOU EVEN MOREi 


8080A $34.95 2102-1 $1.99 
MICROPROCESSOR 1024 8~ Random Aa:en Memory 

0.70'( uO os Clodl Period 

ELTRON -P a B•1 • 1\4l141 ' JO 1\ 
/Jl '. 13 JO IJNrHAI!. CA 4081 
/JL 15 \C .lm 01d>1 ! ID 00 Add 1! IJ(J 

COMPUTER H08BYISTSI Bargain hunt nnd sell vi a 

ON LIN E 18 ossu s lyeao $3 75 Fr Sample. ON LI NE . 


2J695 Santa Cruz Hwy • Los Gains C A 95030 

NEW ADJUSTABLE THREE O U TPUT REGULATED 
POWER SUPPL Y plus 900 pnols wo rlh 5400 00 hsl. Sa ltd 
stale C ARTRIV ISION 1elev1s1on tecotder e1ectron1c un11. 
Schematics pails er ss 1clc ,cntc HEAl HKIT lelev1s1on 
trans1SlOf subshlu11ons Po wc 1 CO 101 d1os MICRO· 
PRO C ESSORS -17 95 plus 53 50 S& H USA F ree 
B1 oc hure . M ast 1 Charge 8Jnk.Ameuc,11 d ADISON 
ELEC TRO ICS COMPANY INCORPORA fED So x 369 
055 . M adison . Atab01ma 35758 

B& K t st eo U1pmen1 15..v- ci..scnunt Free shipping Fme 
calalog SpaceHon Bo )( 8-IB BroadvrPw , IL 60153.ill.................s;~d ·f~·r· ~~·~r·: 


czs 	 information : 
packet today-: 
which al so 1nclud1:i cu cu11 • 

ds 	 ::c~~::~~;~~~~~~:!;~·::· : 
Packe t S 1.00 ( r t f u f\Cf11ble • 
with ordl!rl. • 

visulex P. o Bo• • 204P Moon1 a1n v oow. CA 94040 •...........•...............•• •.... 

AP SUPER STRIP II-Universal Breadboarding 
ll•m •nt with 140 Solderleu 

rnod • I• 
for fo1 t 

"'ulld ln g e11 n d 
t•atlng o f 

d rcu1t1 

...... 
• a io11( 

On oil l'l\Odth ••• 
1knplr pl"ll 1n yow 

compooenri and irdtr· 
(.OMl( I with 22•QO. JOl jd 

wire. Al modw li OCC·lp1 oil 
Dfp·, , TO-S' s cnf disc:retes 

with leodi ~ to .Q.32'" diom.e!M" 

AR IES brough c yo u th e fi m ca lculator kit, a nd the 
first digiC31 clo ck kit . .. a nd now brings you three 
o f 1he mos! in11ovacive electronic kits ever made. 
The , yscem 300 Ekc rro n ic Music Sy nthesizer ki1 is 
the mosi advan ced i11 the world coday, regardless of 
price. The AR·781 is a space·age beaut)' for a ny 
decor. And the wh olh- solid state AR-830 d oes 
rhe wo rk of a S-100.00 rape memory unit . 

..... .~: r-._ - . 
WARN ING . . . if' yo u're intercs1ed in a music sy n
chcsizer. d on 'c make a move until you sec our cat
a log first . l1's more like a handbook tha n a catalog, 
with hundreds of in-depth photographs a nd descrip
tions to expla in e lectronic music principles, and to 

sho w equipment rnd a the job. A RIES now offers 
a comp lete co mplement o f modu les, keyboa rds, and 
cases, ma tc hed to the mosc r igorous professional 
s1andards. Sr:mcr systems priced as low as S39S.OO. 

A clear. ruby-red cy linder 

shows off all six digi1s of 

rhis modern ca le ndar clock. 

Easy- to-read numbers show 

[he ho urs, minu tes, and sec

o nds, as well as rhc month 

a 11d day every 1cn seconds. 

Red LED 7-scgmc nt numerals are 0.3 3" high, in a 

sturd )• cy linder 2-1 12." in diameter a nd 4-3/4" long, 

with fi nished hordwo od ends. Time and calendar 

are co ntrolled by 60 Hz line frequency, with a 12
mo nih mo vement. Sepa rate rime and cale ndar adj

ust me nts. In cludes a ll t he com ponencs, PC boards, 

ho using. and instruct io ns. Shipping we ig ht 2 lbs, 

A K·78J Clock Kit .... ...... ...... .. ................. .. .. $34.SO 


Add fi11gcr·tou ch o peratio n 

10 you r old ·fnshioncd dia l 

tcl~phon c with an AR IES 

AR-830 Automat ic D igiral 

T elepho ne Dia ler. This has 

1hc same b )'Out a nd con· 

venicncc as Ma Be ll. plus ocher fe arnrcs she doesn't 

ilffer )' CL !'or ins tance . . . i\R-830 a hv•}'S rcmen1
bcrs t hc lasi number you dia led , in case the line was 

busy and yo u wa nt t o try again later . Not only 

lha t, but the Dialer's memo ry can store as man y as 

ten of your favo rite numbers for one-touch dialing. 
i\R ·830 uses srand:ird dialing and muting co macis: 
consult loca l tariH before connecting. Sh. wt. 2 lbs. 
AR-830 D ia ler Kit ...- ... .... ................ .... .... .. $69. SO 

ARIES INC. 
119 Faster Street 
Peabody, Mass., 01960 
(617) 532·0450 

CIRCLE NO. 10 OM FREE INFORMATI ON CARD 

POLICE CODE UNSCRAMBL ERS F11s all scanners. Sal•S· 
tac1ton GuarafltCeCI Jm'I s Two-Way . Box 275 . Hot Spongs 
A1k 7190 1 

LOADS OF JULY GOODIES 100 1•, o rec1s1an res1s· 
tots/St !OOm1cacaonc1 1o rs St - J 1.1 itJ: sem1co nductofs 
Sl 75 112w cc:ubOn ws1slors St - OL 707/95 cents 
7400, 7402 10 cen ts ua11s1sto rs . IC's. zene rs. optoe lec 
ltonics. pots, p1l o 1 lamps. solar ce lls . kllS . asso rtmen ts 
WOW ! Ca1alog 25 cen1s DIAMONDBACK ENGINEERING . 

PO Ba•_!~"c:_ Spring 11_• 11")' . 111 1362. 

AL l AIR 8800 IMSAI 8080 Plu9•1ns BK Sta11c Memory. 
c~ccphon~Oy low power las1 no wa 11 s!ates o r re 4 

fr esh Pro1tl1ypmg 130.ird E)l,tendel Card 8800 
OcH1: I Encoder IC Socke1s Microprocessor Coding 
Pods low pr<ces ELEC TRONIC CONTROL TECH
NOLOGY. 8 o x 6 , Un 1on . N__J_ 0_7_08_3________ 

STOP BU YING THROW· AWAY BATTERI ES. Rechar<.;1eable 
N1Cd batumes by Gene ral Elec tnc are the way to go. A 
single N1Cd outl• es 1000 ordmary baner!es. Great lo r cal· 
culato,s. wa1k,e-Talk1es. RIC. Too ls . Portable Elec1ron1cs. 
Pholo· llash , etc. For FREE Apphcatio ns Book ie• and Cata· 
tog hshng prices and sizes p lease Con tact : FORM A ELEC
TRONICS, 224 Washing lon Ave .. No rth , M inneapolis, MN 
55401 . 

AMD 

500 ns MH Accm Time 

INTEGRATED CIRCUITS - TTL, CMOS . llNEAR & MOS 
7400 .n 703 .:>J 74.174 ,90 4001 .Zl 4073 .23 
7401 .21 704 . JO 7417S .93 <001 .Zl 4075 .23 
74l2 .n 7'1S .49 7-4176 .7'1 <006 1,23 <061 .23 
)403 .21 7'74 . 37 1•111 7'I 4007 .23 4061 .23 
7<04 .21 7460 .70 74180 .10 4006 .19 •SO> .19 
740S .11 10&1 .70 74181 2.lS •Oil'> ... 4.11 0 1.14 
7..,. .:ZS )<al ,)0 7-4187 ·"' '°10 _.. 4511 1.05 
11111 .l5 70&S .89 7418'4i 2.19 '°" .Zl •m 7.111 
7"'8 ·" 7'81> .29 7-4 185 2.19 '°" .n .&SIS U l 
7409 .21 70&9 :Z. 19 74 t88 J.50 11113 .Ill 4SU 1.Zl 
7410 .21 7•90 -" 7'189 J,50 4014 .% 4518 1.1" 
7411 ·" 7491 .70 74 190 l .23 AOlS .% •SlO l .14 
7412 .21 7491 "' 74191 l. 23 <016 ... •s:n l.!8 
'413 .75 7493 ... 74192 .88 11117 1.05 •s29 .ea 
741"4 .89 749• ,70 74 1~ .88 41)18 1.05 •SSS 1.Zl 
7416 .:ZS 7495 .70 141t.a .ae 4019 .Zl lM:Jl9K 1.80 
7-417 "' 1'91. .10 741~ .ea -1.1.t lhl3"l4M 1.28 
mo .21 74100 U1 741t6 .ea 41)'/1 u .a LMJ.WT-5 1.2.S
m• .:ZS 74107 .JO 74197 .ea -.% IM340T-6 1.15 
7423 .ll 74198 l. 49 4013 .23 lM3COT..8 1.15 
"2S .ll 

7A109 .33 
1•12'1 .JS 74199 1,49 41)'/4 ... l.M340T-11 l.2S 

7416 .:ZS 1-4122 ... 7425 1 1.09 41)'11 .23 1.M3COT -1S 1.25 
71tI/ .33 ~4123 .61 74179 .18 '°" 

,_,,, l.M3401-18 1.25 
7'28 .29 74125 .40 74.36S ,67 <O'l1 -'° lM3401 ·2'.. 1.25 
7'JO .21 74120 .40 74361> .67 40'18 _... LMl'lO()H .88 
743'/ .:ZS ]C1J2 ,){ 74.367 .67 4fl19 1.14 •ES36T l-1• 
7W .JO 14.141 .ea 1•368 .•7 4030 .n M'-"Ol ~"' 1UI .2.S 74l4S .lll 15150 1.31 -.??.3 I.SI HBSSV -"' 7438 .2.S 741-4 7 1.63 7S450 .88 41);4 J.50 HESSM .88 
7440 .11 74148 1.3J 7.54S I ... <OOS 1.14 HEl60B ~83 

"" ... 741 50 1.16 7l4Sl .61 '°'° 1.1• NE561B 3.83,.., .53 741 SI .10 15453 -" 4611 _,. HEl62B 3.83 
, ..0 .63 741SJ .1>5 7145-< .61 ...2 .79 Hll61A I .ZS 
74" .63 74.IS.. I.OJ 71491 .81 ...., .70 Ntl66V 1.29 
1..s .70 741i5 .10 7S"2 .&4 '°'' .70 NES67V I. JO 
7"6 .10 7-USI> .70 7\J\13 1.09 oA70'KV -" 1..1 .70 71157 .lll 7!i-&9• 1.19 '°" ·'° uAn OCA -" 7"3 .70 74160 .88 6093 .40 4050 ·'° uA7l1CA .53 
74SO .21 7041 .88 909• "o <OSI l.76 uA713CA. .ID 
1'5) "' 74162 .88 6095 .67 <OS? l.26 uA741cY ... 
745' .21 7"41 143 ... 1ll06 -" "'53 .n vA1•1CA .lll 
7'60 .21 7416.4 ... 6097 -" .... 1.58 11A748CV ... 
1'/0 .JO 74166 l.2'b 11198 -" 4066 .19 MC1-4 S8V .53
1m ,30 74170 2.M 82S1S 2. 19 "'" .n 1102 us 

~ .11173 1.42 4000 .n 4072 .n 8080A 3'.9S 

BISHOP GRAPHICS p , Jntod Cl«ult ••ahlng 
Aid• a,. now avaHabl• trom Dlgl..Xoy 

DATA BOOKS 
nL IC'1 • 592 JIClllS •••• • $4 .00 
LlllU.l IC'1 • 704 pogH• • • $4.00 
CMOS IC '1 • 256 pogH•• • • $3 .00 
TRANSISTORS • 211 pog11 • • $3.00 
M!MOlT IC' a • 592 pagH • $3.00 

INTIRFAG IC's • 4M pagH $4,00 
VO LTAGE REGULATORS - 121 

pogH •.• • . , .. . . .•.• $3 .00 
LINE.U Al'PLICATIONS • 432 

pagH •••••. • •• .• ••• $4.00 

SILICON TRANSISTORS 
Ml'S91&, MPS\130, MPS:zmA. MPS1369A, MPS2712. MPS:m7A, MJ>SJ.m, MPS3393. 

~~'. ~~!· ~: ~N~&.2~N~~:.~~~1~: 
2M4410. PN4688. !NS087 , 2~. PNSl '/9, PN5133, Pffll 3<. PHS137, PH IJ8, 
PtmJ9. 2N52l0. PNS964 .14, Sl.SSJIO . Sll.601100 or som e por t l'IO . 

MPFI02 .36130.IDJC 2NS4S7 .'3141 .00/C Ml'SA U .29124.00/( 2N J05S .9918S,OOJC 

ELECTROLYTIC CAPACITORS 
- Radllll Lead - - AJi ol Lead - - Aliol !Aod -

liA /SO v 
1. 

DISC CAPS 
UlOpf/Mv .04 .36/ JO 
22Dpf~ .GI .36/1 0 

~-~ :mm 
mlpj ,()I .37110 

,()I .l?/1 0 
.O .06 .lOJIO 
.0 .OJ .2•110 
.0'22tlfd .OJ .18,JtO 
.047uPd llSv .OS .42/ 10 
.1 ufd/2S v .08 .61Jl0 

'I> WATI ZENER DIODES 
u~.sm.a J . J~ .1 .S SllfC 
IN.S?7JBJ.6.,JS Sll lC 
1NSZ2S8J.9\o.1S S11 JC 
INS22984.31t ,15Sl! /C 
1N.S2300 4,7., JS Sll /C 
INS131B 5.h .1S Sll /C
1NS2328 5. 6¥ .lS $11 /(
1N.SZ138 b.Ov .1.S Si i i(
1N.S2348 6.1\o -15 Sll/C 
1NSZ1SV 6.Bv JS Sl )fC 

_ 
Mul1ipie btls n con emil r be ti..td for powtr Of'd etf.lmd dh hib.iticrt, t•H I Qnd 
clcc1c lints. m f1 command. e1 c.. BmH: 9olcJ..modi red akmiturn. Termi~ls ~ r»n· 
torroiivtnid:ti.silvtr . r~l'\tlb4r (H l ircluded 
AO "• ... Ho. ·~ ...... ..... ..... 
Mo4e l Ho. ....... ~.,, ..... ..." (Nkt l ..... 
?JO.I {•~J "' 1(1•·, , ' 4.t f ll)t}.9fl • '1Lfl 
20lllmHt11. I en fll6"t ) I 4.9116..S-• 11• 2• .., 
"201°i. {h1 ) '"' 11(1'"0 ' '-'l/ lh7 i.• .9' 
1UJ01Wf!I J "'' 11(1"s) I • .t11h 7 ,_.,., 
7l e C.,1-ftll.I ,,.. tl(W st " •1 lM/t .....,
mtewi't.J m 1 71f1''' ' " fl rfMJ• ,..., 
'1361.:nwm .I "" lllU•' t l " . 10..t /4A.1(.. 

CMOS DATABOOK $1.50 
5p e dllcatlo n 1 a nd p ln-cufl far ID dlffer• n t 4000 H rl • • parfl 

REED RELAYS 
1.S Amp SPST N.O. 

ContoclS 
4.8v Coil Sl.70 S12S/C 
b.OV Coil S1.70 S1 2S/C 
1'1v Coil SJ.70 S125JC 
?CY Cot l SJ.70 S12StC 

l.C. SOCKETS 

P.O . Bo" 677 

1/.s WAn 5 % CARBON 
FILM RESISTORS 
kHc••nnilllplHol S ,., ,.olv. 

Sl.70(100 ol tiat11• nluo. 10 ellim t. 1.0 •'9 

RESISTOR ASSORTMENTS 
s...• 1""' Yr w.VIII. tr.. u,. n ...(us pa) Stt.OD 
s ... Ill IK w. v.t ,,.. l t .. u ... 1uo pn1 SJJ.00 

SILICON DIODES 

rn:Mf ::',\i 3S~~ \~: ::'118 ~: ~~~ 
1NC002 .66/10 5.60.1( 1H4006 .90/ 10 7.75/C 
1H4003 .'8/10 S.80/C IN4007 .99/10 8.IDIC 

VOLUMI DISCOUNT SCH I DUU ..,.,... ....ca.Mj;•• 
ht~ Cl- fMlll Cl.- 
\ OCIH too •. NO l tOOCO. Wl9.99 UM IS '\ 
\ lQ.(l).i ,.00. USU'\. \ !0)10- l*OU.(SS")l._, 
l "2S.CC. 1 "9.00 lts.\IQ' \10C0.a>&.M!11 U~7l'\ 

- lhwi Allll It•• s 1.,uMr4 a..... ..i.o ... 

ST ANDA RD SHI PPING/H AND LI NG 
CH ARGE 

' o.m.i ~ " adli u.m ' ~.M-V'l'Oot ounzs 
s s.m.no'f , siJllUS 110>00&-. . trtoc,,.,..,. 
l 2SCD S.9.00 .WIO~ 

lidroN 1 ..w.... .__, ,, uu '<-" 

Thief River Falls, MN .567D1 
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POPULAR ELECTRONICS 

http:S-100.00
http:2102-1.50


• 

COMPUTEAS - Hexadec•mal Calculator: 535.95. Octal 
Ca lculator: 914.95 . LHerature Free. Radix Prec ision. Box 
13861-PE. Atlanta. Georgia 3032J 

CIACbLEX PAECISION PROCESS NEGATIVES. To 8x10 
from ar1work to 16x20 S15. Specjfy circuit. dimensions. Ad 
di l ional copies S7. Postpaid . CIACOLEX. Box 198. Marcy , 
N.Y. 13403. 

500 MHZ Prescaler -.- 10 or + 100. 559.95. CBS Enterprise . 
P.O. Box 1356. Cocoa Beach. •la. 32931 . 

ELECTRON IC test equi pment, receivers. transmitters. and 
compo nents . Send stamp !or 111ustra1ed catalog. E. French , 
P.O. Box 249. Au rora . Il l. 60507 

ALTAIA 8800 OWNEAS. on SI all 2K bytes of last. easily pro
grammed bipolar PAOM . Completely assembled and tested 
board 556.95 less PROM S. Q;gitech. P.O . Box 6838, Grosse 
Pointe. Mich. 48236 

ALTAIR 8800 OWNERS. add output registers with LED 
displays at few dollars. For complete. easy-to-build plans : 
checkout program: and demonsuat1on , computer-game 
program : forward SS.00 (postpaid continental U.S.) lo : 
Computer Research . Inc .. 1601 Pennwood Drive . Hampton . 
VA 23666. Satisfactoon guaranteed 

SCRAMBLER DECODERS 
High Voice Quality No Annoying Tone 

$69.95 postpaid 
Dealer Inqu iries Welcome 

TR ELECTRONICS 
P.O. Box 527 Mason City . Iowa 50401 

VIDEO TAPE. 9200 It x 112'° rolls o f certified lape . 518 each 
ppd . Cartnv1sion cartndges S5 each. Lairy Terry . 261 
Lakemuir . Sunnyvale . CA 9.:1066. 

ETCH PC boards cheaply 1n seconds. Engineers new 
method reduces etchmg 11me oy 90° 0. Send s100 lor e )( · 
cittng de1a1ls. Grissom. 1955 Sternlee . Long Beach . C A 
90815. 

NEW FIVE WAVEFORM Signal Generator. Transceiver 
Burglar Ultratarm CB Speech Compander More ' Flyer 
send 25 cents. M1n11ron . Box 184 . Anoka , Minn. 55303. 

SAVE MONEY! Guaranteed · lowes1 proces - qualoty parts. 
FREE catalog . Chrisk1m Company. Box 1782. Tampa . FL 
33601. 

COLOR VIDEO TAPE RECORDER 5250 TV Camera 5150. 
Videotapes 54 . Cartov1s1on , 5835 Herma . San Jose . CA 
95123. 

TRANSISTOR~ 10 Sl.00 . 2N390J or 2N3906. Ho1seshoe 
xenon flashtubes S1 00 guaranteea t Motorota IC similar 
10 5481A s1 00 Flye< 25 cen1s. Aarovark . Bo • 155. Palos 
Park . Ill. 60465. 

CITIZENS BAND EQUIPMENT Lowest Discount Prices. 
Best na1t0nal brands Free List. CRS Commun1cat1ons . 
1552 Cenirat Park Ave.. Yonkeis. N.Y 10710. 

M IC ROCOM PUTER EQUIPMENT SUPPLIERS 
DIRECTORY Cross 1ndexeo by product for easy reference. 
s1 . Enti tles you 10 receive FREE upcoming ca1alog ol new 
Natwnal Mic1ocomputer D1scoun1 Purchasing Club. Mail 
to : Box 2427 . La Habra . California 90631 . 

KEYBOARDS. for synthesozers . Three octave . 565. Info tor 
in1e rfacing with Gnome M1crosynthes1zer . Brmkwood Elec 
tronics. Box 26. Sandy Sprong. MD 20860. 

USED OSCILLOSCOPES 

TEST EQUIPMENT 


FREE INFORMATION. 35 CENT CATALOG. 

American Calibration Services 
Box 8104 •Athens, GA 30601 

CB ELECTRICAL Quick Disconnect available from Waid & 

Assoc .. Inc .. 206 Nor<h West Street. Angola. Indiana 46703. 

51 .00 each postage included 

lOmPU1Eft music 

INTERFACE 11111111111•11111•UNIVERSAL MUSIC 

GIVES UP TO 16 ANALOO OOTPUT CHA.NNELS 
FOR CONTROL OF ELECTRONIC MUSIC 
SYNTHESIZERS OR DIGITAL WAVEFORM 
GENERATION AS WELL AS PROVIDING 
KEYBOARD INTERFACE, 

(a.\f>LETE KIT WITI-1 DETAILED ASSEMBLY 
AND USING INSTRUCTIONS FOR LESS 
THAN $40, FOR Ca-IPLETE DETAILS ~!TE 
FOR FREE BROCHURE #776, 

Ei..EClRONICS, INC. 
10'20 W. WILSHIRE &..vo. 
OKL.AID\4. CITY, OK 73ll6 

LINEAR CT,00' CALCULATOR CHIP JULY SPECIALS
lOI mOIP S . ll J81 DIP I.:" ~l1~ig~- -4 lunctH>n • ·ith mt'mof)

iOJ 10.·, .'fl 
 llU otP 	 1.:' l 
MJj 10- J . H.!' ; ;u on· 1.01 7001 CLOCK CHIP :l·=~ ;./<IC:: l\~J;::
IU7 mU IP JO- j . JO 

Jl"1 111011' .bq -'·!. di!!.11 . 11·14 tu. .i l.1rm. 11r""' .md d .i lf' :~cJ 1.C/!11 . -:: lCC/! lO.. 
UJB mO IP f Q . j 1.01 f ' IHurh - • 111' d l1• lll.Q' 5.?el 10/l l : · "'~ lCC/~ !C.-. 
IOl11\. 10·1 1,r; 

Jiti>\ DIP 1.:1 
;:€.( l0/Z1J . "-0 lCi../J. l.27• 10 OIP .b~ 

DVM CHIP 4 Yt DIQIT ~ .. :.: :a.:i; . h, ·.~~ :~.!; !0/:11. ::( lGC/.!lC
111 mO IP J Q.j 1.0"f 
UU niOlf' 1.11 -11 U IP . lO 

MM 'i.JJO - r dunnt-1 d~ • ic:t' pro. ~ .., 	 !C/S:.; . 'l·j lCC/; m~ l l D IP .71 111 logK lo' .a • i d11d • oll ,.,,.,~ , . Hi. pin F~§ l0/.s20 . JO !Cv/!1761!01 10· .!.!0 -11 IQ _., I.OJ 01P ""'1 h d.111 It 2 . 01 y; :.; :: ~!'&.:!~ ~ ;i:- 10/S lO . ~C lfJ"J/:S F:,9;. I!. Li \ 1.f.iU : 1•1 OIP 1.!J 10/Si. . 5(·ALARM CLOCK CHIP !Ov/l<2 

·•. 11 1.r.o 
l!Olil. 10- l ; -11 mDIP . J; 

M "i)J:'S44 -4...f, d1~11 , U hou1. bCIHJ 	 lO/SJ.< o 1CV/S29~~~~~ ~.;r~:E!~;~~·:~::; J: OIP 10·1 .8.' 
~noo t ~ 1l11m . b 1qlhlnf'o conlrol c ..ip 1·l !.& DIP 1.;i ., ~l -:. i \' ~ :i. ~ .J :' !C/$5, 60 lC0/(50 

JI'• 0 1P 1.b4 
; -1 u mOIP AO 

tMlih . "' " "" tonf' oulpul 1-4 pin DIP 
1-ljt. mlllf' 	 1.81 $4 .95 ·.:;,.;; l : ~ !l;: a ~~ lC/Zll . ~ 100/l l c<. 

Wil TO-J:?O IH8 rnO IP .7 1 

5, t.,8.11 I.ii 
 ll!Utl D IP ! .8i 

1 ~1.18. N \ 
 ~·100 O IP ..i •1 RESISTOR KIT~ : : :.:~ :::~! 

1t.io..: 10-no C 4u~.. _1l,.. ~ \ '-	 RESIST OR 4SSOAlMf1'T3Di8 l> IP 	 .1.8lt 
-:..ti.8. I.!, .~~:1 ~s7~:! u\'Alt)O A (OHM.SJ 


1:;. 18, l .&\ ' ·" "' '°; ..1 111 O IP .'11 

· ; J•11 D IP .81 

""'um.,. • 1so...wu1. • on 1 Qn 1 on 1t on on • Qn
180 O IP I. JO ..OC0"'"4.P41 1Ml"'1 S101tA(t 1 l ' '°' S 1,0k 10 11* l'O IOI!.. 10 U M \ 

C411~n - IAllt 011 WAU LJ S 100 10 I.Sii. 10 15.K 10 1)0.. It l.JM ) 
MOV.,,1 . •hOl 10 ~ ,.__. S 1st It 1'I llll 1t 121»!; 10 lJM S 

1 T."H S 4.1M S$24.95 ea. :~ 1! ~~ : ~: :: !:~ !: JJO.. 10 
U S UO 1t U ll. 1• J.._ 10 00« to 
I) ' H• 10 4 111. IQ Ok 10 l.IDIC 10 
4 ~ It WO 10 Uk 10 lift 10 

CMOS 
IO.60114 


4001A . Jfl 40204 1, -19 -40fi.8 4 . 'i i 


..,... •JO l.)lj ~"' 1,02 ...,. 401 14 . 'i i.2' U9 -4CM.94 PACKAGE OF 10 - DEDUCT 15%..... u; 1. 10 . JO.&021" .-OHA .,,.,. .JO 401)4 . 2'9 ..an" ..w.,,... PACKAGE OF 100 - DEDUCT 25%1. 711 4074A 1.02 .w11" •.a s..... "°'5". bob .WU A .2"11 ..a.s 


.60104 .62 .aQ27A .WI .&O:IA •.a -. 
 TTL 
a DIC.IT LED CLOCK KIT ,... .I. .107-45 1 	 7'11Sl 1. 1440114 Jl .&02M 1.IJ 4081'. ,44 l/'lo ( lUO£S: 7401 	 7451 .10 NIS-t 1.29..OllA .'.r.I ..a(IJOA . Sl Hll A. 1.119 MM)l4 dod .. drcuil 


-'0114 .\2 .aGU A l."6 UllA 1.84 
 1401 ·" 7'154 .10 7415.!i 1.1)
ti f 070 llO d l,pl.i, , ( .HO.. ft'd 7 ,.., ·..." 	 7400 .10 7415, 1.1140HA 1..& 'J 4CMOA 1.1'9 458>4 l.10 '-l'gm..n l) ,... .22 1%4 	 .40 74157 l,U.&01 SA IAIJ .ao-.41A Ui'J -'''KUA. 	 45 A.II nf'C '°"""" h .f.n\i,1an. '""'o'' A ,.., .n 7465 . ~o 741S8 2.06 

"401 7 4 l . l"J .aG.SOA ... 401U . S6 40-.&9A .... c.ipuilOt\ ,... i'..i1o .JS 	 14 160 1.60 
I ~oubi. ••df"d ' ' bo..i1d •ccommud.ih·• 

l£0"1 .1 rlor lo. HHUilH .·.•'· 7.a72 JS 74161 1,U 

74(00 .25 4(1 4 1.20 14(1•1 l.'JJ ,''°'... .11 7411 ...ao 14 162 1.7 1 

74C0l .JO ; -4(if. 1.>4 K1t.l J.06 
5ochf'tn.lht & 1n•llurlion• ,... .11 147"' .'40 7416) 1.60 

H((M .i l i4C\07 1. )0 ;-1(\(t.a l.06 
D llf'\ nol •nchid" ll\ · JOO m.i 

7410 ... ; .a 5 .66 7"164 1.11 
H(N .78 :Kl\1 1 00 7-l(l iJ l.6 1 

t1.1n,to1n\f'1 . 0 •1 lli'1f'' ~ f.l \f' $1 2 .9!1 
7411 i<li~ ..&.5 7-'l tJS 1.11 

74(10 .-40 ; .a(ls,4 J.61 :'.&(I QS 1.66 QU;\ 'Tl n DIS«. OU' l '-01 7411 	 : ..u .9 1 74166 1.7 1 "' 
.\PPl1(48UO-., IUl)1 11\\ 7414 .•·". 7-411S U7 7..11 70 us 

14CU I.SS HC lbCI 1.15 J)('i; I.I) ---------------· 7416 ..• 7484 7"'17} 1.7 1 
74( 20 .40 7<1(1;7 1.01 IOni I.JS 

.41. 

74(;') 1.20 HCIM 1.'Jl 
 7417 ... 7481) l.4& 74174 1.46 

METAL FILM RESISTORS 1420 . II 7490 .s' 7.& 17S 1.6-0 
CALCULATOR CHIPS · 1 ~'1. WAn 7U:l .J O 7UI 1. 12 74176 1.02 
C 1iOOl l l d i811. 4 lune tion lhrd QI\ - fRl(I P5tl(I llRl(f 7421 .ll u92 .n 74 17 1 .97 

dr<im.ll - hlllll'f, op•u lion lACH MINl,\ tU"1t IO 11.tl NIMUM 100 7425 .) I 741110 1.0474'9l ·" 
-'O pin ,.,.f' FW \'.Al l rtA \iA lUI .10 7-t"4 1.M• 7.&18 1 l.O 

CBOOi 11 d i.ii. 4 lunrllon pl1.t1. 7.f17 .l:t T-495 .9 1 7" 181 ,'JI 
mt"tnO•t• lit t'd dNim.11 

0 - 10 uo 
700 .2l 1•% .91 7411M 2.29 

28 pil'I 
10 • HJ(I .10 1.1; 

701 .26 1..a100 I.SO 7.&185 2.19 
,,tM SH\ I d igit• .a luntlion . 

100 . 1000 , 10 1 .0~ 
74 17 ... 	7410S .51 1.aiu .a. ~o1000 . .10 ...

l.'le ,.,. ... 	 7.f1D7 .46 74190 1.15llo ..i ti,n8 drdm1I 11 pi n 
RESISTANCE (OHMS) ,... .10 7;11121 ,;ii 7;11 191 I.JS 

b ..i Ut>rt opt>u tio n 'I pin J,IJS 
M'-1$7)& b di~1I, .a luntllon. ~\ 

IJ.b 7 1. \ Ill 147 11.lt\ ;110. U. 7441 1.1l 741n .Sl 74191 1.2S 

MM S7l& 8 digil , S functiol'I p lu' H :' ~a. :- 14; 1. 1\ t. IJ.OK .aS.JK 7441 ... 74193 1.1•74111 ·" 
m~mof) .ind ron,l.inl l U a-1..; l 'fl I.\ k IS.OK -48.:t. 744] I.OD 	 HU> .n :''4194 1.1.5 

10.IJ 10; 10> 1.J,I( 16.JK S...n ,... 1.00 	 7Hl6 .11 74119S 1.01llo.llin& d.cim.ll. cii. ,..,lU 110 !11 u ... ,,_,JC. 60.-41' l.Ol 741ll 1.02 74916 1...a.a 

14 p in 
b.ill f''1' Opt'r.ihun ._.. ,....io.1 11 ; :tu ~.; .:, t,. Ill.bk' 6-1.IJtr. 1,07 741"1 1.10 ; 41,7 1.01 

M ..tS7)'J 9 digi1 , .a lunction, 9\' J).l u ; .a~ SA, K 2l.6K b9.U. 7447 1.01 74HS 1.10 741'8 2..11'6 

b•llr'l Opf'r..i11on 11 pin 'i.l> ii . I IU MM b.0.& K lJ.'f k l·.&.Sk 74411 1.20 741.50 1.11 7" 199 1.06 
ii i.'¥ 1>1 71S 7. liK 11.0K .!O 7.&1SI 	 .91 742'00 S.90"'°lt. 4. '¥ 171 1106 l!l.liK J7 ...aK 74179 1.01 

1101 1.;o 
MEMORIES 

.. !t.l l .Ji ..~~~~-~~~~----~LOWPOWaA 

110 1 l.'i1 Ifill u ,•1 
 l t'n t'r Oiodu. O iodf'I. & Aeclirif'n 74 l00 .1' 74U1 ,J) 74L90 1.71 
1;'014 1-1.11; l'Hl!O l.'t\ IN 4168 O iodir lSOV S .2.5 u. 74lD1 .2' 74l SS .la 74L91 l.f.7 
lll)J ?.ca ; ~ J ll'f ! -I ll IN :JSA ltt1t1 llV .lS 74l0l .19 74l7 1 .'29 74LIJl 1.'M 
i!O I 10.'ij ·.au1; -,..,, IN 7~ 7A lMw-1 J.6\1 .15 74UM ,11) 14l71 .0 74l'JS 1.9' 
ilbO l .'~ j ; ..a u10 ·,_,.o IN 75 4A len~1 6.1\' .2S 74l06 ,19 74l]) .56 HL98 l.11 
·1b1 2.19 IN ii6A Ztnu l.2V .15 HLIO .1'9 74l74 .Sift 74ll"4 l.21 

IN 904 SIN . Oiodt lOV .10 74l20 .Ja 74UI .91 14 l1f.5 1.11 
CLOCK CHIPSMM Ull S-1 .J> :N ~~ ~~~~odf' !4:~ :~~ 74U0 .38 HllS 1.4.1 

J.'.ili ""1'-HJ l4 4•..a S IN SllOA lt-ntt .a. JV .15 74Ul l.H 7U 8& .7~ 

~!~!~~!~ .a..u M\t>Jlr, i.llJ 
 IN sine Zt'nl'• 12\1 .15 LOW POWeASCHOTTJC't 

7®~1 "'~.;;;;.;,;,;,;,....:;.;;.....:c~l~ :......:;~l...~,_--------:::;;::::::;;:-:::~174t.soo .~ 74UH .~ 74lS•s 2..09 
DISPLA YS DISCRETE LEO' S 74UOl .l6 74LS4CI .-ts 74LS107 .SIJ 

POCICIT CALCUlAlOR MANI S1 .~; M(.& S .J'i 74ls.M .1' 74LS-4:Z 1.40 74LS1"4 2.20 
~ IU,..llO" pl1.1• •Co"'''"' - • cklrf"• MANl l.t; MVSO . IS 74LSOI •.)8 H l S74 .S'J 74lSl9l 110
ub1.. .., .. - ,,. ,1i..rtd".O.. • l•.,. , H 

MA.N)A . l'i NSl 100 •IS 74lS10 . lti 74lS90 1,)0 74LSl lJ1 l.20&do• old,.pl.. plw• t' •"'I.. •• 
h • " .. '' .. .... - ....... · •·IWl··d ... 
 M"S;, 1.'i'i NSl10' . I\ 74LSlO .3' 74LS'J \.JO 

,.1h•••r •M,. tl•ll ,. ., ,.., ,11,,.., .., 
 MA..f\r.' 1,q:; NSl 101 , i; 

, ,,. P••h ,,. 1t • d110 ,_..,'°'bl•1..., ... 
 MANi' 1.-'1' >:(lO'f· R •II HIQHSPHD 


1....1.... ,..,....... avci..d 
 MA1'1 1."Jj MVS010 74HOO .ll 74H11 .2' 
74HOI .25 7"Hl0 .2'MA1'&6 1.''i ~~~f' : :: 

B.11tt'1if'• J.1IL.1 lin1-. d i\p.) HH CM .25 	 74H4<1 .2SDl HlA l . l'i ~M8Ut . 18 
Ad.1pl1-1 MIH1 74HOI .2.5 74H.S.O .u 

~i t . 8.lllf'liH & Ad1p lll'f 
 (UAR · II 74H 10 .2S 	 UHU .2S 74H 101 .49 

i 4H SJ .is 14HIOJ .SIa--------------..1 :.&Hll .2S
74 H'10 .lS 1 4H S~ .2.5 74H!Ot. . SI 

MISC D~Vlt:ES;,·_·;,,~: r:-::- :i::c~·~; : :; ~: 
14H1 1 .15 14Hl:o0 .2' 74HIQI .60 

UlN 110& fM ~.im b lo' " J.&dB mO IP 1.)9 
UlNl~ IM "\.llll bk1t .. .&lktB mD IP 1..59 

;..?!"1.lCA.Si..E 0;. 7-1:.;: ;rr::,v 

S CHOTIKY 

I ' 11.00 14!.0G .)fl .Sl 74511 .)&
no ti.a ' ~ 1h11..irlt'I fl;t'f'll'r..ilor ,.... 

CA 1G40 l1 ..in'1'1m .111 0 14 pin D IP' .86T&MATLUll CAPACITO~a 14S01 ..f5 	 74SIO 14SJl . 51 
~::..,_____________...! :: · .Ji"' 14SH 

· ' mfd lSV .Un. ' ·'mid 6V .JO u , 
.JJ mld JSV -lS u .. '-1 mid SOY .40 o . 

90Lt0-0IPND •20% 74Sl0 .18 

5~ OFF OH ORDERS OVER S50.00 
10"• OFF ON ORDERS OVEA $100.00 8000 (SIQNaT1c• 1 

1 mid JSV .1.S u . 10 mid lSV .40 u . 1161 81&7 

1..1 "'Id lCV ..lS f'.&. IS mfd 10V ,40 f'A. 


1 s •e OFF OH ORDERS OVER s ~oo .oo ; , l..S'J 

2.1 m id JSV . JCI ""- )) 1t1fd 10\' .40 I'.&. 

4.7 mid 1,Y . lO u . 47 mid 'Y .40 t"&. Dale sh ee ts on re Ques l. Add J<k e ach if item i p riced below S1.00 each . 

s ..11sfac1ion gu.a r.anh.•ed . Shipment ¥iill be n,.ade pO\l.age prep.aid wilhin 5 d;i~ I rom 
IC SOCK.I.TS receipl of 0 1de 1. P.aymenl m• y bt'.' m,)d t ~ilh person.al check, ch~rge c.ard (includ~ 
Solder T•ll • low profll• number i nd P lp. d all!), 01 monr y01de,. Phone Orders- BoiA .and M/ C cud or C.O.O. 
8 p in ) , 111 24 p in 

14 pin .n m p in 

lfJ pin .N 40 pin 
 Add Sl .00 lu co"N ~hipping 41nd handling if o rdL•r ill ) (·~ lh .tn \SO. Add Sl.00 if order is 
18pin .n lps.s lhan SI0.00. Cil liforni.l reside n1s .adds.ales In. lncludt!' shipping el.pense lo r orders 

shippe d ou1 of U.S. ~nd C.1n.td.J .i ppro11. . 15",. ol o rd e r. 

UMllll[RSAL 8Rt:AD80AAD 
\1l•f"I p lolMf ' 'f111l,.' o!h .,.., tl<>•1ft INTERNATIONAL ELECTRONICS UNLIMITED 
1 I'" • , I 11,• 	 : , ,, .. . ul r 
....1,.. , .., (>II' IC, • •P.,,. ''" ~ P.0. BOX 3036-R MONTEREY, CA. 93940 USA 
"•""'·""' , ....,. •.,,. 6 • • P·• • ''"" 
\•••••ti,. •"d •UIOj)lo 1..1 t!•r•fl - PHONE (406) 659-317 1 

""··•d•"'• " .......... lt . !1 0 •• 
 -
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PROTO 
POWER! 

NE\V 

- -~CRYSTALS ' ~1 ~- ;:;_: •THESE FREQUENCIES ONLY I ~ 
Pa~ 1 Fre4uene:y CueJSlyle -w.c:e 
C't1A \ 000 t.\ Hl HC3J IU $-1 .95 
CYlA. 2 000 MHz tfC331U $.ol .9:i 
CYJA 4 000 MHz l<CIS•U S• 95 
CV7A S 000 IAHz HCIS U S·I 95 
C'1'1 2A 10 000 MHl ttCll·U $4 95 
cv1 .;,,; 14 31816 MHl HC18U S4 95 
CY 19A 1S 000 MH Z HC18 U S·I 95 
CY22A 20 000 MHl HCl&U S4 gj 
CYJOB 32 000 MHz HCl3 U $4 95 

CLOCK CHIPS - CALCULATOR CHIPS 
i.' '.15309 60'Vi1 SC:OOUIDW AtK'1~ 
M~1 S,J11 S01p11 BCDOUll)UI\, t? 0t'NH11w 
Mt.t.S312 .t O.Q1t. BCD 0~1~1.U I PPS OIJlt:ti 
p.•.M~\3 S01J11 &:DOutDW 1PPSOulp1'1 
MMSlU fi, 01; 0 1 11 Ell 2.i H0\111 ' 50 or 60 Hl 
A.UJil16 .I CllQ11 A.Qllfl \Pi'S Cktlp"" 
MM.S.llll VIClto tlQd. Cl\\O fOI UW Wim t.\M~! I 
Cl7U01 6 0.¢1 ~I At&tm. 11 ot ?J HOOi 

l " tS12S 
l/t.l)iJI 
,,. ,,S7l9 
Cl$®! 
crsoo~ 
CTSO,O 

CALCULATOR CHIPS 
6 0>;11 low fvnrttrn Lm Dccln1! 
BOiq.1SJ~ .. .. I( •. 

.fl 0'9"1 .i r~~. ~ OtctmJI 
12' [)off I f~rw:Wln 
•?Cho! J Furct•nn w.:ti MtrtlQIY 
11 Oq.~ ~ fDllCllOO ;utd •. 

MISC . MOS 
l.lt.ISltU JVt.urir:"•5'inc Gtotuw 
,\l\!!IJJO ;•1DiQ<I DV'.ICn•p 
..IM!ilil!t '.0 H: T11N:l!He" tofc1111 hO'TI 3 S3 IJM.t 
Ml.\$8·11 V.otO Gt!"l.u!M lor L!h\S31 8 
MCl.tO!l·l1 1 Bit Ow;-~ I~ "' U'OO C«ntr1e1 
l.!..0:50:)7 .I Dtt.ldrC.CV11l~vtllhllltbi!S 
L0110·l0111 :t•1 019!1 Dl(J.1 Cho St! 
95>aQ 100 lr.lHt 10 toutlk!t I Oll Pl~fTS 

Filament Transformers 

5'" 
2?! 

'" l9S 
S!IS,,, 

Sl .9~ 

'" "" ''"' '"10"
""' "" 
~ 

f · l lC ,,, 

VECTOR WIRING PENCIL 

~ ---- -. ,.~~'-.- _____,_. 
~~-, , . ...... ~ 

J.aa 

"' ..,, 
"' 100 
1.SD... 

Vf!aDJ w"' rq i\>'I01Pt73 CMJISUof ;i rt.OM ne J !ei!nfht~ r1:net:1 ~ounu1 
T;Oo:ill \<i'I C.rS,,;!tQll)lt"~.lNl "' !Jl)~lllEe;:J,.,~ !~Olfi1Soell ·CC11!1.11llt(l l t"'J.IU.!:llr 

!IV..~ onto ~Ill lt.idS a~ 'tlm-~ •ns.Ui~ on :iif'-cW!(.rt<J " Pi:tem 
'lrclcr11ore1 • CMn«-1111~ ~··~ C'<e: Wt~!! v. •11 .no ttl'"IJO·'olltll It~ P"~ Cit 
iti:nlAlfl .i;f ~ o, SO.V1"'1 Com;iltk w!lh i8ll rT or rn •··t $Q.5Q 

REPLACEMEIH \VIRE - eoee111s FOR WIRING PENCIL 
W36·3·A·Pl..9 3 250 fl J6 AWG GRCE J S:> 1tD 
V/36·3-B·P 3 25C II 36 AWG RED 52 '0 
WJ6-J.C·Pk~ J 250 It J6 Al/JG CLEAR 52 40 
VI J0.3·0·P>o J 150 II 36 A\VG BLUE $2 JO 

ll! •1:.<,,1r ,, , r 
"11-''• rJ' • ~ ·P "' Ill .. 'l' 

fFIO~!' f,,J! '"' 4, ...., ~ ri: 
it .!. 'iE ,oi;f.; •.,,,, :;ct ,.,, , .... 

···r.;:! ... : ~I; ,..., 11: : ..1 
11•)?r: '~ ""' , ., ,,,, 

rP11'~ Gt ,\l\.., l•~ll>J.J t/t'ltt "'' """ ... '''·' rnrNRCt.i.n 

VECTOR TERMINALS 

100 PER STR IP MOLEX PINS 
loitnded for use as an 111e.xptnSNt subslllUll! to1 IC 

I 
soc lS Also periec l lor use as bl»rd coooectors 

1 cr.t..! t 1 ' ' and 111 s.Jbauembhes. 

SPECIAL  10011.49 - 1000112.00 

64 KEY KEYBOARO 

..... ... . 
I• : •,•• ~I ~ • 'I'••~ "' & ' I I - o• • ' 

lil t u1ra11ttm10 1 111111n 
""""b'~"' <llf":i11te1 hteil1)1'1 
fl'\P\ l•.y11Ga11;jlf.Jll.llfS~Ultlt 
«Kitti SPSI ~.f'I' . 11t111Uod>dlo 
ll.1)' •m..1ofPC8 A-V~ 
f"'I03tci OU~l•t IJ o ! bm 
~ll"IOll~ 

S24.9S ... 

. ..._........ 

JOYSTICK 
fflese 10)'1t1cio:s ltature lou1 
100K polenliometers, lhal VilJY 

res.tSLlnct prop0r11on1I 10 tht 
;tngle ol lht S'IJCk.. S!urdy metal 
construtt•on w11h plasHcs 
compontn1s only at 1ne mo-1a
Dle ~m . Pertea lor &lect.ioruc. 
oamts atlCI 1111s11umentat1on. 

$9.95 ea. 

MICROPROCESSOR COMPONENTS 
8080 SUPPORT DEVICES 

8080A am 
537.95 8224 

8228 

8 BIT INPUT/OUTPUT PORl FOR 8080 s 5.95 8080 
12.9s S24 .95 
12.95 

CLOCK GENERATOR ANO DR IVER FOR 8080 
SYSTEM CONTROLLER ANO SUS DRIVER FOR 8080 

CPUS SIAM !.... &Bii CPU Sl'195 ~Ul1 ,..,, r.151 ,.. 
""' """'""' ,, " 1101 ,.. ,, 

'""' I '11 

"""'' S111!ft!IXll '"' 11\ll 10.Z•I "'"""' 
,,, 

Sirs ?IDl ,..., SUI< filOS 

""' IQ1:£>'1'tl"C S9CO 1102 T02J · 1 .... 191 

'"' Ht oJ.1811 ICO 2101 .:o9i • l &,1'¥11•( 1i9!1 

''"' • :t)!lll ... 1111 1~ .. : 51111c ,·g~ 

152~ !112 0('1111'1< '" l010 1Q2Jol ,,. ,.., 
.?!i?!I 1 07..:~c "" 

.,,, ,,,..: ~l;l!u;: 7 .:g 
2!in Ou11256 !Hf 391 8101 ~o • .: Sl~llc 191,,,. Dur ~'18" ,,. 8111 l~>J SI•"' ,., 
2~ ~!180BIT "' l!S9'J I G • J SIJl•C 

,, ,.,, 102.1 Sl~ ·C "' 'JllQ2 ll)tJ t I S!.lhC ,.,,,,, f"'-a "' """' llii • 1 """' '" l .:t S6iO 16 • 'Rt1J "' ~lJIO "'" SI•< ' " UA11rs PRilM S 
:.v S·lfHJ JO!<""' s '" '1D2A lO!l ,_ 

u~g 

ROM' S ""' ""' '""" "" i'S:J '""°"' ~ II 00 usn ,,,, 
"'"' ,.. 

'"' ........ ,, '"' 82Sln '". Tlistl11' 500 
1!116 '""""' """ 1..:5231 IQ2J St•! ,., 

2K RAM SPECIAL 
MM~ Fiftt Otcod~ 21U' o~-..nnlt AA!.1 NI 11'1~ UctOl Artlll~l'I ""1i a6l~ ns rravnlllfl «ass 
lmc. an~tflQUllC$ .. · 5. •ll S.• -l)VCIOwtfS~ l.O'wpo•t1P'Cl•"4r.Si:o!\.1)1illle~mol'fll\m;bl~l!IVhlC.kUO 

S0 .99 ea . (0.05 cenls per bit)

• *Special Requested Items* •RC4Hl.t OIUI f11C). Vitt; $ ,., tJ8l91 S1CO MJa007 S•O!tS MC«1.i.1 $ • 50 
RC4 11>S :- l!iVf1~d. Re1f 12' ...,.,. 2 2' .,., 19' u.m!l!I 1 2' 
'936! °"""' l9l 01.!81~ "' 

.,., 
'" P.V.tf,32() 191'1$ 

lD11().'1 11 O'nJ.QIOSel 2S co 9l22 '"' 8lst l l:t ..,,,,., 
~ 

CAlllO Super CMOS Op k'!IC> "' "'" 4016 .. - 3CO 1.1ri. '50 
'·l'.:l.&081.7 O'A '" '"' 6CO .... .. "'' •CO 
fll'I ""' 615 ,.,, 

'" '511Al 1IO Ulati "" 1.u.~1 Qw.1c1tr<Jen iaco CO.t~ll ,,. XR4136 '"' ""' 
., 

A~ 910) PllSll&,&IMCUitl """ " 
.,, 

'" 4566A£ JOO 
\VE ll 8E HAPf'V TO QI.C l£ o.... YOUR Sllt:CIAJ.. PARIS -

Continental Specialties 

POWER 
FOR THE 

PROFESSIONAL 

Proto 100 
THE M1Nt
8REl' OB0ARD 
BUOCff KIT 

...... ierS'fl 
r-., ..;. ·• 

Proto
$75 Board 

203........, ........... ~ ... 
I A""'tltJolft4 rt.llfSoH<,-U• 

"'"-~-·~-. : . ... ""?'
.. , .... . . O' ..... .. 

I•• ~- ............ , A.. 

'·. "-.:.·~ ::\:'........~:· ... 
•! • • -•.or •·1~M:~ ., 

~.... ·~·-... t,;._··:.:·l~ .... 

~'4."~i?:\"• .; 29.95 
~l~"'lR '°'"- ''ti 
~ (;l•QIK.•• T I 39 ,95 

COW\llf 1rl 

DESI GN MATE I 

l'le ....11ti 

: lo a .. 

:.·~ .~ ·
;t ur.. tJr 

~," 59 .95 

OT trpe 
QT 'I~ 
Ol •.98 
Cl'~ 
01 -UO 
on>S 
Q T3!;8
or1n 
0 1 · ~s 
ores 
01 :s 

·-· .... 
"'° ., ........ ,,. 
"" ''"' bln~up "'... ... 
D>AUl'I' '"',., & 1'> 

"" )1:a 

"' "' "' 
,., 

DIGITAL CLOCK KIT  31/2 INCH DIGITS 

4 DIGIT KIT S49.95 
6 DIG IT KIT S69.95 

4 DIG IT ASSEMBLED S59 .95 
6 DIGIT ASSEMBLED S79 .95 

l'll:ltSot,\lfMcl! CS C!QJ I) ""9t1'3'Jil' 
ICllY!t'"lt!O.,Cl!htM .audilOrfrlllnS tic 
£kft C!IVll lS lrolmtllO.,ll Dt~nl01 
l[Oc l ilt opr1M!Kb'""4 111V4C 
t\1$l'lltltl l1ot2Hlt QPCtJ&<ln l 11t6 
~,.iven,11111 011 1]11 •l 'J .anr.llle 
.1oi;:11s11· • l ' : •I ') lhtscomc 
((llnplrtC"61!till~~-ust'nl 

tr.amtor1t1tr 
Spitdt, 12 Di 24 Hr Wllal 011Jt ri ng 

AUTOTEL @l 

WARNING LIGHTS ARE NOT ENOUGH 

AN AUDIBLE ALARM INDICATING 
POTENTIAL ENGINE DAMAGE 

t.UTOJ£l d .in t'll!Cll!r.I j IS llM C'Jrrtfll !.Unttfrofl O!V<.e ~ wiitlUl Ml'y C)WMJ iCtl 111 
.tutvnofhW 11 or ~tllitlt tf).191ltil "'''1 ll\dl(.1o;{J r k!JllE! tor D!m11tJ~tLJ1e 1na OI 
Ptt1111:.1e un nt lli!Jttil ~ .1 rt<•Jbif wM""'? klor1 ill! 11t.nn'C111~ 1.-.e 
AU101fl :r; ft.lM ol .in~ sigruit 10 c~ pulSJl'Q I dlln!alloltft' IOl tNbM 1llf 
wflldr -'il101 GI A l!\i' lr.N'tlOn Of WIU ll' llbMn; L..n'C 10 c:tr~\ IM Cflo'l'nl mll»f 
tl'tttiM U •'U1ts U 11 ntOif~ s.o wed no Sl!lll'G Cu~ IMl'IJUI ooe11tnc ,........ 
;.urotn Pu~es s OK!lltty P-K~ ti• 711 sq , : , aw. The com~ 
~•Ill .. tOl!!llOntlltS PUICNJift ~ tist to llc.'o\ 4ntcllv •nto Ill QI~
._,111..,a, SVllflT' 

S14 .95 Assembled S9.95 Per Kil 

DI GIT DVM KIT 

Th1s0·2 \/DC 05 Ott cen t digital vo1 1me1ei lea.tures l11i Motorotl JYJ digl1 
DVM chip set. 11has a 4" LEO dtsplay aml ot1tra!es l!om a. st~ .. 'JV 
power supply Ttte unil is PfOYllleCI cornpfe tew1lhaninjec!llOCI moldedbl atk 
plas tic case con1ple1e wrlh Bent. An optional !Kffle1 suppt,i is aYailatJle 
which IJ1s lfllO lhes:wnea-se.as l lte 0-2V OVM i1tkJ ..-.·1no 117 VM:. ®trillion. 

A. 0-2V DVM with Case $49. 95 
B. 5V Power Supply S14.95 

-~. I 
: ';; 1 : I l 

- -- - . 
1?Cll1·· 

115 VAC 

JE700 CLOCK 
1titJfi00tS.jlhCOSld1QtrJl<Jc<k OU! 
l!t.l lft1V'19f!Cl'1Jljt't uni! llleumt 1!> 
t11tn • '"""'1~ ..atnut use wi1h di· 
~~1)1612"1 • 1 lluhllltJSI 
wrmr11orio1-0~111es.s1UJOut 1M1!4! 
r.tM5Ji.;tlocSr.rJi.:i 

$19.95 
Liquid Cryslal Temperature Display 

Six 019;1Lighl Dl 33 
Emitting Diode Display 
Display 

Thi s clock makes an auract1ve adcJilton lo any desk. II has 
an extruded. black anodized aluminum case. 11 displays 
hours. minutes. and seconds wilh . l 1 inch displays, and 
comes complete with a liqu id crystat thermometer. II aper· 
aies oil 115 VAC at 50 or 60 Hz. 524.95 

Tt11s larae dig11 clock ( 6" hours & 
minu tes..3'" secooos) lea1ures !hf 
MM531J doek c/'np. II OPt!fiJlt! 
rfom 117 VA£, iil!d Yl'lll opera!e 1t1 

e1ll'!r a 1i or l 4 nour mooe. Th e 
tloc is comple1e wllh a walnut 
grJin ca.\e. aoo Nis IM1 set slow 
Se1 . if)!) hol4 twne.sel lea1ure:s 

KIT - ALL COMPONENTS & CASE S34 .95 
WIRED & ASSEMBLEO S39.95 

JE803 PROBE 

NIBBLING TOOL 

If' 
I 

~, 
,........---- .._/ 

~............ ! . 

$29.95 EACH 

DIAGONAL CUTTER 
''r" Stn1Hl~/'IC111 Fin1Dliif0n1l 

ll 

(~ ' 
1------=s~a~lls":'la-c":'llo-n~G~u-ara-nt-ee~d-. ~SS-. O~O~M~i-n .-O~r~de-r.-U-. ~S.-f~u-nd-s-. -------1 ~~~~·:~1 Pu11e ft 56.115 UQhl Biiie: H~ r.dl n 

SJ.15 Lull A91M$ S! .50u. 
C.lllornla Res ldenlS  Add 6% Sa les Tai - Oata SheelS 2Sc each 
Send a 1Jc Stamp (postage) lor • FREE 1976 Catalog 

flrl?lt&S 
1021 HOWARD ST.. SAN CARLOS , CA. 94070 

PHONE ORDERS - (415) 592-8097 

... 
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0 1a-m only a fnw mA fr-om c:m;;u•! 1,1nd~r 1 e~ 1 . DWI~ LED 1i:atklu1 . Como1e-1e 
k. •t 1 nc:l 11ti e~ ~llll ;iincf r;;. 110 1 ~;K1$ . Soa!IS 

VAR IABLE RE.GULATEO POWER SUPPL V KIT - Coti 11nuou11o; v:.ro
~hl i: hom 3 ID 0\14!1 15 VOIH . St'JOU-Ctfl:V•I Drool l"..1n t lC'C\I Oni.(; ClUfttnt hm· 
oi,~ ot JOO mA ComP<K I ''"'" ~ nt:l 111pn;.lt 1e~ul.111on o l 0 \ '!If. tn;)k:I! 1h1ta 'j• l!':n 
bcn<:h (U inh l)(lwt!'I SUJ)J'l'r . $ 11 ,95 

FIXED REGULA TED POWER SUPPl V KITS - S1<u>rt·c:11cu11 fHool wuh 
1riirrffi;l l c'mltf' ltm1tm!I , Ct;1mp::ic1 'in: .find IVil•Clll 1~ut:n i0n of 0 05'!1. 11111l.t1 
11M!s.e u'.lt!n l tur rT'IOU t1Pet.11on1c pro1ee11_ Av111l;jbkJ lo• SV ~ SOOmA. GV fl 
!)()()m.0., 9V @ 500mA. 12V ~ 400mA. 15V c;., JOOrnA . S~1ly ~01 1~ 1•1hen 
Orcfermg SS .95 "'l 

Ttiie H f!ilSV·lo· ai.sembl• \:la 1m;l~d1t pll compgn(lnu. 0,1mpl<t1e ck!Hule d 111n1uc • 
Ui:i"1 oirtd PIOll<'d f 1bi:t9lt>U PC bell.I th.. PoVft'r iuOt:Jol'Y kHS 00 n o t on.elude <:.Me O• 
me1ers. AOO S I 2'5 oer li:•1 fo, pg51og9 i nti h<1ndl1ng, 

TRA NSISTORS (NPNI 
2N91 8 TVPE RF Amp & Oscillotor 10 l GH1 3/Sl.00 
2H3563 TVP E RF Amp & Os.c 10 1 GHz (pl. 2N91B) 6/Sl.00 
2N3565 TYPE G!n. Purpose Gai11 !T0 ·92/106l 6/Sl .00 
2~3866 TYPE RF Powu Amp 1.5 W@l 450 MHz S0.75 
2NJ90HYPE GP Amp & Sw to 100 mA ofE 100 6/Sl .00 
Auort . NPN GP TVfl'E S, t.g, 2N369'*. 2NJ903, el<:. {15) S1.00 
2N3638 TYPE (PN-P) GP Amp& Swto 300 rnA 6/Sl.00 
ZNl!D6 TYPE !PNPI GP Amp & Sw to JO MHz 6/Sl.00 
FE T's: 
N·CHANN EL {LDIV·NDISEI 
2N~IJ9l TY PE AF Amp & Swilch (T 0 ·18/106) l /Sl .00 
2Nill4 16 TYPE RF Amplifier to 450 MHz (T 0 °72l l lSl .OD 
2NS163 TY PE Gen. Purpos.e Amp & S1..i (T0 ·106} J/Sl .00 
2NS4SG TYPE RF An1p 10 450 l\tHt fphmic 2N441G) 1/Sl.00 
E100 TYP E Lo..1-Cou Audio Amplifier 4/Sl.00 
nU&Ei8 TYPE Uhn·low Noi~ Aud io Amp ZJSl .00 
TIS74 fYPE Hi11h·Spud Switch 40n J/Sl .00 
A.non. Rf & GP FET's, 1. jl. 2N5163, MPF102, tic. (B) SZ.00 
P·CHANNEL : 
2N43ti0 TYPE Gen. Purpose Amp & Sw IT0 · 101'i ~ l /S l .00 
E175 TYPE Hiigh..SpeedSwi1ch 12sn lTD·10fi) J/S l.DO 

SUPER SPECIALS: 
ZN2222 NP N TRANS ISTOR GP Amp & Switch 6/S l.00 
2N2fJll 7 PNP TRA NSISTOR GP Amp & Swilch 61S1 .DO 
2NJ5SJ RF PawM Amp 5 W@ 11,i DMHz, 7 W@ 50 MHz Sl .50 
MPF 102 N·CHANHEL FET RF Amp·200 MHt l /S l .00 
5S6 OUAL 55S TIMER l µHe 10 1 hour IDIPl S0.90 
l2l VOLT . REGULATOR J.30 V Iii 1·100 mA (O IPITO·SI l/S l .00 
2740 H T Op Amp. Like ~l ESJ6 ;and µ A)40110 ·51 Sl .95 
µ A7i0S VOLTAGE REGU LATORS V ii> 1 A IT0 ·1201 Sl.Z5 
8038 WAV EFORM GENERATOR .,,..- .... \'/a111! w/ckh S4.5D 
1N 4154 OIOO E 30 V/10mA· l N9 14 e~ci:p t JO V 15/Sl.DO 
BRl BR IDGE RECTIFIER SO V PIV. SOO mA (D IP) 4/Sl.00 
Ml\t5314 DIG IT Al ClOC KCH IP.With Spen/Scliema1in S4.95 

LINEAR IC's: 
Jflill Micro.Pow@r Op Amp (TO·SIMUl l·OIPJ SI.O D 
J09K V11ll i1!11! Reguf-ilor 5 V @ 1 A ITO ·Jl Sl.15 
:324 Quad 14 1 Op Amp, Comp e:nsa ttll [O IPI SI .SO 
l40T Volt. A!'l).·1 Amp.Spl!!~ify 5, 6, 12.15 or 24 V·\'1/ck u Sl.75 
J30 2·S Walt Audio A111pli fi~ r lit dB (D IP ) Sl .29 
555 Tii11t1 1 µ~to 1 hr. NE. SSS, l M55S. t ic. [M lhl .DIPI 2/Sl.OD 
709 Po pu l-ir Op Amp IDIP/TO ·Si l S0.19 
139 Ou a: l low·Noiu· Audio Pr tamp/Op Amp (OIPJ Sl.OD 
1458 Du al 741 Op Amp (M INl·O IP) ZJSl.00 
741 Freq. Ccmp. Op Amp IDIP/T0 -5/MINl-DIPI 4/St .OD 
DI ODES : 
ZENERS - Specify Vo ll ilge 3..3. J.9. 4.3. 5. l, 6.8. 8.2 llOOmW 4/S 1.00 

9. 1. 10, 12, 1!io , Hi. 18, 20, 22, 24, 27,or J)V t.. 10~~ 1 J ~'lliu JIS l.. 00 
1N91 4 or 1N4141 TYPE C 1111nt~I Pu rpU1t 100Vl 10mA IS/S l .00 
1NlB93 TYPE RECT tFU:R Stud Mo1.1n1 400 V/12 A 2/S l .00 
OS VAR ACTOR S·SO VI Ootp ul lli l0 ·1SO MHz. l ·lO pf SS.OD 
fl VARACTOR l ·lW Out0u1 @IOD»OOM H1, >·30 pf Sl .00 
•MAtl NOW! t=ReE OA TA S~EETS ,u~l1tf1 >"lllh ..~, ... •tt'm !tom \h1s ac;I 
f.RE E- ON RE"OUE S'T - 741 OetA•llO w 111'1 ew1y Dt(ll! • o f SS 01 ..IOr-e.- 149 Dual 
Oo Am.i:i or 11w EIOO FET ' ' 1..01n l'WIY o rd:ur o l $ 10 q1 ma1r na1tmflrk"f 
Ol•O• to BI J l /1& 0 "1! lr l!I' 11em DI'• O•der 
OROER TOOA~ - All 11•m:s J.Utljet1 10 D••Ot \alt .J.n<I pr1C:ft1i...UlllCl IQJ;cniin'M 
wdl'Hlu t nQlu:e All ntm\ :irl' nl'"' 1ur~ lut J)lrtt - 100"4 lunc11o n111Uv ll'Jh:d 
l'JRITE FOR FREE CATALOG lf '15 10 olf1"r1ru;i o""l'r 350 Hn1u;ooi:Jm- 1or~ i:.
nL'ff 1n 11ock Se nct l )O:s l llmt:I 
TIERMS : Sfno Chl!'Cll () t mon1f'/ ordlt• IU.S llif\th l Woll\ ordf'I • ..... , Pi'I' ,~, ci.ns 
PQ\ltigl' 1a US , Can._:fa ~m:,J Me :iuto [r in:l'Pt DA ~1td S 1 00 h:)Adhng d•:IG]4!' on 
orrI•r-t untie, $10. C;i;1,1 re11d~n add G~ S1tl1t1 1•~ Fottt•QA 01dP'l'i aftcl oo\"\ag* 
COD Q1 d•cr$-"°d SJ 00 SA1nm:;r Chil•'Q4l 

ADVA ELECTRONICS 
BOX 4181 BW. WOODSIDE, CA 94062 
Tel. (4 15) 851 -0455 

CIRCLE NO. 2 ON FREE INFORMATIO N CARO 

PLANS AND KITS 

FREE CATALOGUE KITS . COM PONENTS. Audio equip
ment. Sinclai r K11s, fad io pans. Gladstone Eleclromcs. 
1736 Avenue RD .. Toronto. Canada. M5M 3Y7. US 
Inquiries. 

AMAZING ELECTRONIC 
~PRODUCTS~ 

LAS.EltS SUPER POWERED , RfHE . PlSIOL. POCllCT sec IN DARK .. PYRO · 
T(CHNICAL. OE BUGCING UHCRAM8lt'.AS . GIAKI TlSLA . STIJ NWANO . 11/ 
OISRUPT(fl • (H EfHiY PAOOl!CING. SC l£HllFIC 0£1ECll0'4 , ElECTRlrl'IHC, 
CHEMJCAL, llLIRol.SONIC. CB. Aff!O. AUIO ANO W(CH OC'ilt[S, HUNORE OS 
MO.RE All HCW PLUS IHrO UNLTO PMl:TS SCR'llCC 

INFORMATION unPimiltd 
CAIAlOC I I 61u 626. lo1d Jette'l PL • Amb.ml N.H. 03031 

ELECTRONICS kilS for home or school pro ject Selecl 
from over 50 klls. Many undef SS.00. Send S1 .00 for 
catalog. Re lundable with fi rs t order. Graymark , 1751 
McGaw Ave .. Irvine . CA 92714. 

6 TV GAMES ON ONE CHIP 
MOS/LSI Design/Supply Limited 


Chip $39.95 Kit $69.95 

Send $1.00 for kit info & data sheet 

Advanced Microcomputer Products 

P. 0. Box 17329, Irvine, CA 92713 


CBers - "' TRIPLE YOUR POWER"' usmg NEW 46' all -di · 
rectiona l CB Antenna!!! Pl ans S2 . Ast robeam·J . 704 
Edwards . Visa lia. CA 93277. 

FREE ELECTRONIC siren plans with ca1ato9 . Send 25 
cents fo r hand lmg w1lh se lf-addressed stamped envelope 
to : Du e r Elec tronics , 733 Lower Donnally Road , 
Charleston . West V1rgin1a 25304. 

ETCH IT YOURSELF Prinled C1 rcu1t Ki l . Pho10-positive 
melhod - all lhe supplies for lour P.C . Boards . direc1 from 
magazine artic le in less than 2 hours only S16.95. Liq 1id 
positive resist atso a\la1 labte.. SASE for oetai ls Excel 
Circuits. 116 De laware . Dc lrolt. Michigan 48202. 

FREE KIT Catalog contains Test and Expernnenter·s 
Equ1pme1't Dage Sc1en1ihc Instr uments, Box 1054 P. Liver· 
more. CA 94550. 

PROFESSIONAL ELECTRONIC MUSIC PRODUC TS Avail · 
able 1n k it or assembled forrn Plans and parts hsts. 
Caialogue S2.00 . ELEC TRONI C PIANO . ho nk ytonk. 
clav1cord . piano f organ switch . top oc tave synthcsize1. 
Plans S 10 00. K11 SJOO 00. AssernD lea S.•50 00. COMBO 
OAGAN-61 No te. percuss10 11 , echo, sustain , bass . piano. 
glide . ro1a1o r. elc. Plans SI0.00. Kit 5500.00 . Assembled 
$750 00. RHYTHM UNIT-40 P"' LSI. 10 pa11erns. 8 drums . 
manual drum keybOarct .. cs1g1tal bea1counte1 , LED display , 4 
measu1e patterns. Plans 58.00. Ki1 $150 00 . Assembled 
520000 SKS SYSTEMS KIT . 205 Easl 17 Stree1. New York. 
Now York 10003. 

SPEAKER LAMP PLANS! Converl larnps to spea kers. Send 
S3.00 10 · B.J . Feeney. 15-10 Skylop Gardens. Parlin . N.J. 
08859. 

BURGLAR ALARMS 

BURGLAR-FIRE alarm supplies and m fo rma tion . Free 
catalog . Protecto Alarm Sa les. Box 357-G. Birch Run. 
Mic hig an 48415. 

DIALING Unu aulomatically calls poli ce. Immediate 
delivery 529.95. Free li tera ture. S&S Sysiems . 5619-C SL 
Jol.n . Kansas Cily. MO 64123. (816) 483-4612 

HIG H FIDELITY 

DIAMOND NEEDLES and S1e1eo Canndges al 01 scou n1 
prices lo t Shure .. Picker ing . Stanton . Empire . Grado and 
AOC Send fo r lree ca talog. LYLE CARTR IDGES. Depl P. 
Box 69 , Kensmgton Slahon. 8 f0ok lyn . New York 11?.18. 

AR. HY-GAiNe• 
COMPONENTS 

BUY HI-Fl 
DYNACO•DUAL 

THE MODERN KOSS • SHURE 
WAY: MAN Y OTHERS 

PHO~E & ~IAIL 
Call TOLL FREE or write for LOW PRICES 

Nationwide 800/854-7769 
California 800/ 4 72-1783 
~ a Approved by Phone 

M9K SALES 
250 N THOMAS, PO BOX 2100 

POMONA CA 91 766 

TUBES 

RADIO & T V TuDes - 36 cen ts each. Send fo1 free 
Catalog. Cornell . 42 13 Un1vers11y . San ~ego. Ca llt. 92105. 

TUBES receiving , taclory boxed . low p11ces. hee pnce list 
Trans1e1eron1c . tnc.. 1365 391h Streel. Brooklyn . NY 
lt21BA. Telephon_e_._2_12_·_63_J_._2a_o_o_________ 

TUBES: " Oldies·· . La1es1. Supplies. components . sche· 
ma11cs- Ca talog Free (stamp appreciated) S1e1 nmetz . 75 19
PE Maplewood. Hammond. Ind . 46324 

REAL ESTATE 

280·PAGE CATALOG Free ! Over 2.600 top values coasl 
10 coasl! UNITED FARM AGENCY. 612-EP. Wesl 47th SI. . 
Kansas C11y. MO 64112. 

VC-274 . 12·Pc. Volume Control Kit .. ...4\lc 

XM-501. 40-Pc . Terminal Strip . ... .. .. 79c 

XM-370. 7 Seg. L.E.D. Display .·... •. .. . . . . 1.29 

TR-446. 25-Pc. Ass 'td . SCR .. . .. ..... . . . . . 1.49 

SW-555. 90-120 VAC Relay .... .. .. ... . ... .59c 

SW-156. Ctr. -011 Toggle Switch DPOT. Pkg. 2 2.49 

SW-460. 3 Button Push Switch . . .. . . .. . ... .24c 

SW-636. Thermostatic Switch 50-600 NO .. ... 39c 

SW-752. Unimax ISA Swi tch SPST... .. .. . . .. 49c 

SW-587. SA Toggle SPST NO . . . . . . . . .. 39c 

SW-431. Phone Type Lever Switch 4 SPST ....62c 

SW-632. Reed Switch W/Magnet SPST. Pkg. 10 1.29 

M0-359. J/30 RPM Timing Motor 120V AC . .... 49c 

TT-092. 2500 OHM Output Transformer . .. 64c 

TF-047 . 6 V 112 A. Fi lament Translormer . .. ...44c 

TF-050. 12V .2A Filament Trans former . . .. . ..47c 

KN-030. 25-Pcs. Assorted Knobs . . . .. 49c 

ME-182. 0-1 Ma Panel Meter I ¥8" Mtg. Hole .. 89c 

ME-205. 0-200 UA. Panel Meter 1 5/16 x 5/8" ...74c 

ME-204. 0·1 50 UA. Panel Meter l x l x7/8" . . . 74c 

ME-203. 100-0-100 UA. 1 ·x l 'x7/8" Meter ... .74c 


When ordering allow for postage. COD 
20% Deposit. Residents of the following 
states please add Sales Tax: Ca. 5%, Fl. 
4%, GA. 3%, II . 4%, Ky. 5%, Ma. 5%, Mi. 
4%, Mo. 3%, N.Y. 4%, Oh. 4%, Pa. 6%, 
Tx . 4%. 

fREE fRE\ 

7 Q\son Olson C 
Cata\ogs cata\og

WITH 

~ilJE~ ' "DEALERSSENT TO PRICE 
vou FREE usr 

TL-477. Soldering Iron . . . . . . . . . 

.- -olson ETectronfcs,- 2s-o- s.-Forie- - I 
St., Dept. IN, Akron, Ohio 44327 II Please send me 0 Olson catalog 0 CB

I Icatalog 0 Both Please Print 

I NAME I 
IA DORESS I 
l c1rv I 
.STATE ZIP I 

CIRCLE NO. 41 OH FREE INFORMATION CARO'------------..J 

GOVERNMENT SURPLUS 

MANUALS lor Govt Surplus radios. test sets . sco pes USI 
;;o cenis {coin) Books . 72 18 Roanne Or1ve . Washington, 
DC 20021 . 

---------------~ 
JEEPS. TRUCKS Typ ically From $52.40 Au1omob1les . 
Boa ~s . MotorC"ycles. Ai rplanes. Oscilloscopes, Tools . 
C lo tn1ng , Sp o rts . Cam pang . Pti o1o graph1c. Elecuonics 
Equipment 200.000 810 Bargains Nac1 onw1de D1rec1 
From Gove1nrne1lt Low as 2 cents o n Dollarl Su,plos 
Calalog and Sales Doreclory S 1.00 (re funOable lirsl order) . 
Na11ona1 Surplus Genier , 2JO Eas tcass-P EL . Joliet . IL 
60432. 

GOVERNMENT SURPLUS Buy m iour area. How. Where. 
Ser'lcJ S2.00. Surplus . 30177 -P E Heaoquarters Bui tdtng. 
Wash1nglon. D .C 20014 . 

SURPLUS ELECTRONIC EQUIPMENT , governmenl and 
manufacturers ' Grao Box. Assor1men [- d1verse. vse fu l new 
and used pans . assemblres. etc. Canon packed : 50 lbs_ 
56 00: 100 lbs. 510.00. F.O .B. Lima Send lor BIG Free Cala
fog ! Fair Radio. Box 1105-E. Lima. Ohio 45802 

POPULAR ELECTRONICS 116 
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s. D. SALES co. P. 0. BOX 28810 DALLAS, TEXAS 75228 
ALARM CLOCK KIT SIX DIGIT LED 
Thousands of hobbyists have bought and built our orig inal clock kit 
and were completely sat isfied . But we have received many requests 
for an alarm clock kit with the same value and qual ity that you have 
come to expect from S.D. So, here it is! 
THE KIT INCLUDES: 

1 Mostek 50252 Alarm Clock Chip 
6 Hewlett Packard .30 in . common cathode readouts. 

15 N PN Driver Transistors 
2 Switches for time set 
2 Slide Switches for alarm set and enable 
1 Filter Cap 
4 IN4002 Recti fiers S9.95
1 IN914 Diode 
1 .01 Disc Cap 

15 	 Resistors PCB - 3.00 
1 Speaker for alarm VFMR - 1.50 

1 LED lamp for PM indicator. 


60 Hz. Crystal Time Base 
FOR DIGITAL CLOCKS $5.95 

S. D. SALES EXCLUSIVE! 
KIT FEATURES: 
A . 60 Hz output with accuracy comparab le to a dig ital watch. 
B. Directly interfaces with all MOS clock.chips.~ 
C. Super low power consumption (1 .5 Ma typ.) ~o ~o 
D. Uses latest MOS 17 stage divider IC. io\f~ ~ 
E. Eliminates forever the problem of AC line glitches. 
F. 	 Perfect for cars, boats, campers , or even for portab le 

clocks at ham field days. 
G. Small size , can be used in existing enclosures . 

Kit includes crystal, divider IC, P.C. Board plus al l other necessary 
parts and specs . 

MOS 4 DIGIT COUNTER IC 

Al l in one 28 PIN DIP. 4 Decade counters , latches, MUX circuils, display decoders. etc. 
Features: 5VDC operalion, 25 MW power consumption , BOTH 7 segment and BCD oulpuls. 
Perteet lor OVM 's, lrequency meters, tach's, etc . Can be cascaded lor more digits. ff5002 • 
$8.95. 

8008 -1 MICRO PROCESSOR 

New Units. High speed 8008. A l most tw ice as fast as units sold by others. Still a very versatile 
and wide! y used MPU. No data book. only pinout date included at this price . $12.50 
LIM ITED QTY . 

1101 A RAM IC 
256 XI BITS. Perfect for 8008 or smal l systems such as telephone dia ls that do nol require a 
lot ol memory. Special 59c. 8 FOR $4. 

C& K MINI TOGGLE SWITCH 

#7103 SUB MINI SPOT Gen ier OFF. Special - 99c. 

TTL IC'S 
7400 - 19c 7420 - 19c 74 153 - 75c 74154 - 1.00 
7402 - 19c 7432 34c 7437 - 39c 74157 - 75c 
7404 - 19C 7485 - 95c 7438 - 39c 74161 - 95c 
74204 - 29c 7486 45c 7447 - 85c 74164 - 1.10 

21021K RAM 's - 8 FOR $12.95 

New units We boughl a load on a super 

deal . hence this fantastic pr ice. 


Units tested for 500NS Speed. 


MOTOROLA RTL IC'S 
Brand new. fac tory prime. Hard t o fi nd , but st i l l 
used in a va ri ety of projects. (See the RTL Cook 
book by Howard W . Sams.) 

MC724P-59c MC780P-89c MC791 P-69c 

MC725 P-59c MC785P-49c MC792P-59c 

MC764P-49c MC787P-89c MC799P-59c 

MC767P-69c MC788P-49c MC9704P-89c 

MC771 P-49c MC789P-59c MC9709P-69c 

MC775P-89c MC790P-89c MC9760P-69c 


3 DIGIT LED ARRAY - 75c ~~ r.'MV-50 TYPE LED's 
byUTRONIK bV LITRONI~ TTl'IT1 

DL:lJMMS . 3 MAN ·3 Sil& R&ai1ouls rn orie 
pac.11:age . Th6so are fac1 ory prln:io. nol 

10 lor$1 
FfilCtoryPrime' retested rojecl!ll as eold by others . 

compare tl'l ie prtce t 7X 3 lor S2. 

SALE ON CUT LEAD SEMICONDUCTORS 

Leads were cul lor PCB insert ion . Still very useable. 


1N914/1 N4148 . .. . . . .. .... 100/$2 
1N4002 1 Amp 100 PIV ..... , ...... . . . . . . 40 / S1 
1 N4745A 16V 1 W Zener . . -···· . . · · · · · 20l$ l ALL NEW. 
EN2222 NPN Transistor. . . . . . . . . . . · · · · · · 25l$l UNUSED. 
EN2907 PN P Transistor ....... . .. .. . . 
· · · 25ISl SOME ARE 
2N3904 NPN Dr iver Xstr .. -····· .. · · .. · · 25ISl HOUSE# 
2N3392 GE Pre -amp Xstr .. _. · ·· ··· . .. . .. 25 '$1 
C103Y SCA . 800MA. 60V . ... ..... . .. ... . 101$1 


SLIDE SWITCH ASSORTMENT 

Ou1 bBS1 sel18' l llChJC'8s miniature and $1.andald 

Siles . single and mu1U-posi tion uni 1s. All new. 

l1rs1 auah ty, name IJl'al"d swi tches. Tiy one pack ~ 
~d yoo'tt 100'°9!' more. Special - 12 f~ SI 


mentl 


DISC CAP ASSORTMENT 

PC leads . At least 10 dif ferent 

values . Includes .001 . . 01 . . 05. 


plus other standard values . 
 fl 
60 FDR $1 

UPRIGHT ELECTROLYTIC CAPS 
47 mfd 35 V-10/$1 68 mfd 25V-8/$1 
Brand new by Sprag ue. PC leads . 

RESISTOR ASSORTMENT 
114 w 5% and 10% . PC leads . FDD=1 
A good mix ol values . 200/$2 

1000 MFD FILTEA CAPS, ~~~~~uro;~~-~~1~usP 
10 $1 19 each lrom lranchi3G 1ype elec::ll'Otllc pa.r1~ 
s1ores .S.O. Spadal4 ,Of Sf 

FAIRCHILD BIO LED READOUTS 
Ab1o .50il'JCt\M!y1ot'Ol!l:".I cl'Wae'4er. NowavaJ l.aDle In ellhiet COi"NTOn anode 

oroomm:in cathoOe. Take youi plek. Supeor low cUIT&l'l t dtaln, only So MA~ 

segmen1 1yplcal 


YOUR 

FND 510 Common Anode CHOICE 

FNO 503 Common Cathode 
 Sl .50 ea . 6 for S7 .50 

DUAL 741 C (5558) OP AMPS 

Mini dip. New house numbered units 


by RAYTHEON . 

4 FOR S1 


FET'S BY TEXAS INSTRUMENTS SPECIAL 5 for S1 
#TIS..15 tkJI wtlh an 1n1em111 to..i~ nurr.bs. T0-92 p~tc CB.30. N. Clwinel , 
Junction 1voe FET. 

we ao not se ll j\Jnk Mo ney back 

g.uaran too on eve~ i1em. No C .0.0. 
 S. D. SALES CO.
Te11.;u Ao!li . add 5% 1ax. Pos1age 

ra t t-:s wBnl up 30" " ! Please actel 5"4 
 P.O. BOX28810 
ot youi 101a1 oraier •o help cover DALLAS. TEXAS 75228 
Sh1(]-p lng . .. . .... .

ORDERS UNDER $10 

ADD 75c HANDLING. -- . . .. 
7406 - 29c 7490 - 65c 7448 - 85c 74165 1.10 
7408 19c 7492 75c 7473 - 39c 74174 95c ORDERS OVER $15 CHOOSE 
74504 - 44c 7495 - 75c 7474 - 35c 74181 2.50 
7410 19c 74121 38c 7475 - 69c 74191 - 1.25 $1 FREE MERCHANDISE7411 - 29c 74123 - 65c 7476 - 35c 74192 - 1.25 
7413 50c 7414 1 - 75c 7483 95c 74193 1.00 

CIRCLE NO. SI ON FREE IH fORMAllON CARD 
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EXAM
F.c.c. MANUAL 

PASS FCC E XAMS1 M ....o,.u , r'C'Udy - "' T•t 
A..-1" '""' FCC , ., •f'd 21'4 c.t aw Aact>o
T•"'Phorw licW!- H...ty , .,,,_, multtpf• 
d!oQ CIV.,ICW. s\d d~I COY'" 1111 •r-.n 
t-1911 In FCC a.111ntt. pl.,,t " S-t·S•vdV Abllrry 
T919t. '· S9.9fi ~d. MQtWYb9cll Cu••n-. 

s<:onE 111qtl 1111 Fr c. r.0:.,1111:-> Ov•·1 .!.On1 1u\' "'''i' •s . 11t 
1t1:;,w•~I'> C·>Vl'I~ i11 I ~IH I I ~! ilfl<1 ~Vt'fl n.ut,u 11111(1 .""llHi 

Si·· Plld f o•<;t Sl·I 50. ru.::1 Cl.1s5 f (~SI. 5'1'"> 110 f\11 lt.'Sl"' 

S7fi ~) n E I Inc . 011x 80G. Sm c1snl:i . rl.i i3~i7 

UNIVERSI TY DEGllEES BY Ml\ll' l3,11Ji.•I"'" M.1s1c1s 
Pll 0 s F1 iY' 1f'VC"<1hno dr•l,11!0.,. r.iuns1·l111q On>. \17 r+L.7 

11isw1 Cal1 fm111:1 91&80 

SEtr sruuv cu lll\[llLJ 11EPl\IA COUR SE IHlRE s 
r.1 NE TO BE Ml\OE REPl\lll1NG CB Hl\n105 n1" '"''Y 
1•· k'. 1Pl ru111"'"' 1;,111 p1c.1p.-i1t..' ynu (111 ,1 r.11"1·1 111 1•l1 •t tr111ht..., 

•'ll thhno v1111 tn ('.. !HI,., llll H" h i1S S lfitlO , ti\ )11ttil f !I ynut 

~Pill!' 11111A F• \f flll)IP llll('lfll," l llHll WI Ill• cu RADI REPA IH 
t.OI JR$( Ocipt P[07iJ S'H N A1111 Alhrn Ukli\ ll1Hn,1 City 
(H 1.1 7 Jlli

• ACE OF THE MONTH SPECIALS tit 
All rw!1N ENGINEERING APPRAISAL ASSORTMENTS I irs l quaI ily 

~ SLIDE SW.ITCH ASSORTMENT 
standard and mmlature 40 lo r $5.00 .~~2. ..~.~-~.c.~~.?..L .:.1:.!S ~~~.o~:. ~rT s9.95 

KEYBOARD ASSORTMENT 5 for 13 PRECISION RESISTORS 200 for 
CALCULATOR & COMPUTER S9.95 . \ ~..:..111111 Ill t · •lll.•111.:. ·' ,,.iJ,11 11•1 ·.t ltl\ • 111 " $4.95 

~ ..~~~~ SAf' AS~t?RT!'1· ~~~e ::!} AC adapter ASSORTMENT 

~ !-~~~=• . ~·~: ~~.~: ,' · 1 2QQ PCS FOR S3.&S 4 DIFFERENT m ode l s for S9.95 W.· 

POWER CORD ASSORTMENT 6 for $2.95 a:DIPPED POL VESTER FILM CAPACITORS 
2 and 3 conductor " - l\ .f<. \ ". I. . i_, , ,,. J 

~ 100 for S4.95 "==li:::r~ -<=.. 
SWITCHCR AfT Micro- Jax ~l~~D 

- - - KEME T CKO&BX I 04K MOLEX 

~ 
10---$ 2.95 NE -2 NEON 

1 ,, F 100 voe 
LC.PINS 

Ioo--- 25.00 ~1~ 100 -9.95 
1- 9 - .50 

=IllI Q  .JO 1000 for
TR -2A 1000---199. 50 :-.~ ..· ins 1000-49.95 IOQ- .34 $6.951 oM ___ 12so.oo '-410 2.~ l OM-$350.00 

SN74S201 1.l "' 2!ifi 811 RAM TMS 4030 JL, 4096 -BIT DYNAMIC TMS5000ASCl l 
Three-State Ou tput 

Plu g In Repl• cem ent $ 2.95 RAM Lo w Po we1 ~00 mW S9.95 
keyboard encoder 

w i t h Clatafnr SN 74 200 10 for S24 .95 w i th data and 22 p,,, SOCKET 
$14.9!1 

removed from sockets 6 FOR $64 .95 
ASR33 Tetervpe Code 

~~~ 
Test ed ano q11aJitn1 ePcl 

~' .. . r _J 
__,.,..,, 11 111~ 

-"~'f ' . 5"'~i· ~ .. ,.A· ~ · - PITTMAN 1~ ' 111~ . • !),_/-,A;.. · • · :. MOTOR 
, ' "-.:"" ..":-;Ct't::'i..~{·_:J'-'-4~..o; : ·jA ,. = 

,,.... 
' !01 ,•. ,, 

ACOUSTIC COUPLER 
.... . • .. .J...::.. ...:... ;i.·. _, -=

Lit rd· ; . od!\ :1'j0 •1 • ]R 
,.,., .+ ' . ..... I! 5000 pp•; 

T t11~ couole r Wil\ rnanutac;:tur ASCu COMPUTER KEYBOAJlDS s.,. . '8 n1~' ' ' ... ,., 
i:d bv Novioon. Inc Tarta,.,a . Cv11 

These kevbrrn1di we re 11Hm\1l <ttiu rcd for u se o n 1 ex.:i~ 
..... 0 1 lF " . "1 '· .. ... 

lo1m.a for u1oe 1n Tex 1n lnsHumen1 ' ~ lm.lrument'\ \me of S il ent 700 .\ene' d;:1ta t~•mmah lhpy a re . 11 1nl•··•·' Sl 9S , , · 
model 725 Elf't'1ro ruc Oct,a Terni1n3I fu lly encoc l ~d with TTL 1311JC JUie 1111e91.'11Cd tuculU t1 I 10lm S 1500 
h •s comri •t1hle w 1rh Bell 103 ano TMS 5000 in 28 111n soc)le1) Adc ht mna l 1c·) 1 uov1c l ~ ,, ,,~, 
llJ Cl.;t ! i set1" 01 eau•v.t1P,nl Th• ralte.~ 7 b 11 . wi thou t .,..ritv. code olus;, st ro h t! SHJfMI mdu;a t Kynar solid silve r · COi.Joier ooerilt'~ asv11cnronous1v lo ai ong valid " cta1.1 and ":ic 0 1he1 "uh~pentlPfll outpua lor thos.r 
mi'l:omum weed o1 450 llilutl ,,, the '~c1a l keyi wh1c.h are no t @ncod ed The li:~vt il•I! rerrt ty pe plated wi r e wrap w i re 
full or half OdOll!! >. mode couplPC: to w11h a fo rma l 101m1lnr 10 t ypewrm:r ln tf'lf'llll CHCl.Jl lty jl r O 

a s1andarc teleprione hanrne-t Trans Y1 cles l o r two key rollovQf ;in(t de ht>uncc Out 1111 t .,. no \llln 30 AWG Blue Or Yellow 

m 1t frer:i •s 1270h1 fo• rna..-lc. and 
datd 10 pm double readout conncc1n1 l o r r1 ;Jt (I aod f)'lWI!• n\ I 000 FT SPOOL 9 .95 

10701-!z t o r soaice R@ce 1"11(' lrp-quencv 
pul Anti 8 p m doublo U!3d<wl conm.'c to r fm '"' \pec1al 

26 AWG Red or Bl ac~ h"11ch hmr1rons 
•s 122Shz for marlit and 2025t-i1 for KB 6 Cl•re/Pend1' 720627 1 N• w 111 16d S39 95 1000 FT SPOOL 10 .<1 .-, 
snace Un•t requirl!d !. 12 VO l TS T I Part numb•, 959327 1 U>od tt1U ed S29 95 
ann • 5 VOL1"S lor ooer a11on Col"l"I A 56 kov ASC 11 encocted Al1)1, anume11c ktybo u d DISC RETE LEDS 
o1e-tt w11n sch1> m.a11c &· .111 oert10M: with ti .11 e•ira sw11ch c lOh1't l 10 qTound ma11(ed HERE A~ 

100 ,., 

mform.l t1 on, full\' ' f'tOnc1r t•one(i. Cit! IS. PAP ER AOV , BREAK REPEAT T..\PE - TAPE. "1VSO AEO s 11 so 
1bra1ed , ano ooar1n.1tf'C $47 .50 KB 7 Clue/Pend~r 72073 1 1 1e ited s•9 95 • .200 .. d1a. f1 50 

ew 
PRINTED CIRCUIT BOARO G- 10· 

r1 Part numb•r 959326 1 u,ed 1es1ed S39 95 f\ED 

l 16 th1Ck , Ur'U!'1C:hec:I copper This u a 64 key full ASC11 encode-rt keyboard . 12&.. dl•. 15 00 

clad 1 oz ? sidt?s ht'i~H· ;'JI Al.! c·,· 
Size I 10 100 ~URROUGHS PAMAPl!lD 12 OIG1T -'' '" ~1 .. 1 ·~ r-: ~ ..1.1r• • • ' .:a ~ i• r 
3•6" .50 2.50 19.95 I -, 

BR 16254 '"'" or. ,, '1 ,i ' ' •• IJ~ ~ .. ,. llH,:o· H " .ex 12" l.00 5.00 39.95 :.._. ,, I a I. ij S2.9 5 ••· 10 for 525 .00 , ... ,!' 

8• 8 .. I.SO 9.95 59 .75 W iln ~OCke l G• ' • POWER T RANSFORMER 

SEMICONDU CTOR 10 100 10 00 10 DOD !It CCOC• '"M'O< '" 'OC> '° "' 
MPS3704 2 .00 12 .50 99.95 750 .00 or QUTPUT I ___. OUTPUT 1 -

IN4448 I N9148 5.60 4 8.00 394.45 CALCU-VAC DCMa VAC , DCMA 

SZ l 3709 - IN7 49A 1. 95 14.95 99.95 750.00 LATOR - °iOCT I 10 1--8-0-~ 

2N930 2.50 19.95 150.00 Weiqhl, 5•, 01 . 10 for 515 .00 
W5449 2.00 12 .50 99.95 750.00 PC Moun1 100 for $69.95 

IN752A 2.40 19.00 150 .00 
· · 1000 for $595 .00 

~ 
OROERS OV ER 10 lbs. ore sh, ppcd Col lec t 

ELECTRONIC We wi ll sh 1pUPS un less o the rw i se s pec i f i ed .

PARTS TER"'S \'o' P. oa" DQ\\a • ufllt>n o • hp,-,,.. 1 ~t 'n"<:• ' • 

5400 MitcheHdale, B·B 
11"\cluoe tl"lec i.. or ""'Ot'lit-v o•ot' "" coo lP , 111 

tit't'~icienn "flC 5c." '-l lt'i th C.in J.d.t .in d \..\t-\ icn 
Houston.Texas 77092 •dd 52. 5 0 ove rseas countries actci s~.oo. 

....·~'" 910.~fll .} -' It 

INSTRUCTION 

LEAR N ELECTRONIC ORGAN SERVIC1NG n1 '"''"e ,111 
rrrnk.es 1r1clud1ng 1tans1sto1 Expe 11m<.mtnl F<..•I llut1blf· 

c.hoo~iuq . Accred1tNI NHSC . FrPC BQokl1.H NILES RnYAN J 
SC1-t00L 3631 S!OCklon. Ocp A Stwr.1ni.:-11:n. Cnhl 

EARN ELECTRONICS DEGREE h\' cone$OfllHIC!JW.. f,, ... 
1n ru111lt1 :1on t>ulletm GHHlthilm ?000 S t)11t"lor A1J1•n11-:• l "~ 

An Oh:.!'S. C.rt lli nrn1,1 900/JS 

jNiENSIVE 5 w£"C cowsc lo r Brnt111 ~ fl t E.nr11n._.c1s F G C 
Fust Clnss lit-:cn~ R;1CJm Ei1<Jnwm1nq 11wnr p cn.itt.•o 61 N 
Pirwapplc Avt• St1•'1St'lli1 F!o11dn J:'\5:7 ~11 1d 2·W2 f 1clr 
~\fMf" t Trail ~reO rir.k~IJlH9 VA 72401 

Fr;C LICENSE STUDY GUIDE 
!Jr•llS wtlll ""SWt.••S d1SCl.lS 100.:;; c;1;,,.-l"110(] th11cl !i,..t· 1n1l 

lu.:;1 1adw!Cl("pf1 ntle ~:..:v111nahn11to S9 :. f'" :p.i11 1 r;..,r 
<OOO S10 11er Los AnQolps C.rtl1tnm1;i qOQ/lj 

AC HIEVEME NT ''' Elf•t.1,fmH·.:;..M,1 t1omt1he'l 1.• 111 lw .,... , •• 

CIHtH1at1 111(fr•pc11rr,.n1 stui:ly Wt1h 1n,t 1 1 rh1, 1li1 •~d 111-.11111 to•11 
fo 1 yrnu •r1:1I 1eS~·m semi$?. 00 tn Vtntt1t.•1 h1~ t 1 H1 ' C' ll' >• 
qit. .i 7P Berl(rle . CA o.11oq 

...._ Phone 17 1 3 1 688·8114 

NO FCC LIC£::NSE'' Tncd cve•v way bul !he ri ght way ? II s 
1irn€' lur Genn Tech Home Shrely Free Catalog . 55•\0 Ho lly · 
woocJ 011/d , Los Angeles Cahl 90028 

t EARN B:t!i lC D1g11a1 Trn ubles110011ng t>y corrcspo11dcoce 

ln l1H'ITI:J!4on r1ec Edtwat1onpl Tcctlnri log tes Bo)I. 22·' 
Rcyrin ldSbLi rq , Otuo ·13066 

LEl\RN WHILE l\SlCEP' IHPNOTIZE' l\sl<J1ushmg 11e" 11s. 
5l riu1(1 .. c;,1t"l11q lr of'• Autnsug<JC$\tan 0 Cl x 2.t ·ZD Olymp ia. 
W,1:--,l1111qttHI 9ff507 

nunGLAll FIRE l\Ll\f! .1 EXPERTS NEE DED '"' cars 
f1n111C'~•. 1n•h1str~ LL'·"'' hl(lh 1111\hl $yS!erns 1ns:1rtltotmn at 
hOUI•"' ';IMlf..- wnc Sunph} quH lo. cnmplcte Free 1nlorm.n· 
111 111 t-,y ru:i1I Nt• ~111 1 •:-•nf\11 5d'lt"'Y Sysi~ms Mtwnaemcnr 
S. !111n1 11111rup~t11dyl l);.11! iJ73-07 t.1 ttl r ral l<; , NJ 

074.'·1 

PERSONALS 

M,\K,( J=A IENUS WORLDWIDE 1llrOt1Qll 1n10m;i r1 o n11I 

, 1J111 ·~ 11-0 11rh•m·c lllusl ratcct hH,ch urn h er. Hc1me.s BNlin 
11 Hu A 110 lftO ?IJ GC"1many 

Ph n Si f\1/\STER S Bl\CHELOR S n ll1 c 1n1 11 ci11 resu..H·11,1 

f'"c 1UL~ql' D1•urcus tJ.1S1ly .1r qu1rcd thrtHJgh mr.11mf!Cf Uni 

11P1-.1t1.••• 1.iir11p1·-.w n.•vc•, h11Q D1rcctn1y S? Ct~unsc 1 1ng 


Cn,1111;.'Clt•'ll :."IJ"-l~1C1m •..mnrn Nq 8PE Onklanct . CA~-l 18 


INVENTIONS WANTED 

INVENIORS Mrun dar u1t•1s;. Nl•t:d N,~\"J P111•1t 1f'IS f1 et:! 
R· •c:1 rnm••rHlect Prof cd~11t.' tJy ,.1 cw,1t 1ve Ice· ase<I 


u1 ••111 11111 ~.~ 1v tr:c.• l""01 r1 11.11•'' \Vcisn1r1q1on lnvl)fl[OfS $+::rll'ff'I? 


.t ;i;>. T \' .1s l1mql t•n l3u1lct111g Washington. 0 C :?OOO!J 


II you have an idea lor a new product . or a way I 
10 make an old produc l be tter. conlact us. "the 
idea people" We'll develop your idea, inlroduce ii lo 
on<:lustry. negotiate for cash sale or royally l icensing. 

Wn te now with out cost or obli~atron for free 1
inlormal1on. Fees are charged only for co ntracted 
services. So send lor your FR EE "Inventor's Kit." II I 
has 1mpartanl Marketing Informat ion, a soec iat 
" Invention Record Form " and a Q i recto ry of 500 

• Corporat ions Seeking New Products. I 
RAYMOND LEE ORGANIZATION 

230 Park Aven ue Norl h.NewYork .NY. t00 l7 

Al no cosl o• obh .l~•on . please ru'!th my 

FREE '' lnYentor' s Kil No. A · 112 ". 
 I 

·=.,, -• 
I 

\:---s;.-~··~ 

FRCC PA 1PHLET Tins \ 111 Market111g voor lnvenl1nn 

hnru <1n ":..Pt1111"Uf'e f,.•t..• · b11:c.r.i 1n11c-n 11''1 S1.,rv1c e comp11.ny 

Wnt" Un•!l•d S? :es lr1v1?"1lh'rS St!rvu:o Cnrn :J ;:rn~· 0P01 T 

lJ.F"1 tl S11<...•1..·t NW VV IS/Hr•C:l•111 0 C 20005 


HYPNOTISM 

SLEEP tl·.1r .. .infl H\ Pll 1ll• r t•l'\1it1 9l• ~ CfJCC!t\'t~ De1aos 

ftee ASA Fr>unuahn•' B" , ? ~..:.-:igEG Fnrl Lauacrnale 

Floria.1 )J Oi' 


FREE H•, p1m11srn Si•l l H., 1111 '1st~ Ste~p Lerunuig C~1 n1119' 


0filWf' f H.lQO R1..ud1J5n Ni("~'.' MC\tCO 86J.15 


,\M,\ ZtNG soil nypnos1~ 1 r.nro re leases lanws11c rnemal 
powt"r 1ns1;rnr resu1:~ 1 Free ~r ial Wrne Fo1um (A A71 . 333 
Nonn 11C111ga:n Crucag o 6C:hi01 

RECORDS 

RECORD RATERS v,., TED 1 Anyooe Qual1f1 s. We St'llp 
yrru 111111<in[IO)' re i easc~d LP s 10 ra e We pa postage ono 

tlanat1ng You ~,;i n01h1tHJ tnr LP s All ym1 pay 1s small 
memhe,!it1m tee ;\pµhc dn:s .1ccap:ed · fitsl come basis · 
Wn1 e EARS 1nr.: l.J..,,p• PE Om; t02J 5. 5521 \fl,.r Genier 
SllCCI. rii 11wau~ f! v , .... , 11115111 53210 

RECORDS Ti~PES ' D1sc.-.1w11s :o 73 . ;:ill labels no our · 
cnrts obflgC1 CHJH5. rw·r. ~l,:o~:c-1 1srount 0iv1oeno CN!1lt · 
cates. 1ooa c. 9u,11.1n1t1~S i=rcc c1eta 1ls 01sc::oum Music 
Clul>. 650 1a111 S1 Oon1 '"i-77 • lew Roc.:he11e . New Yo rk 
NY 10801 

CIRCLE NO. 1 ON FR££ INFORMAllON CARO POPULAR ELECTRONICS 118 

http:comp11.ny
http:Norlh.NewYork.NY
http:111(fr�pc11rr,.n1
http:d1SCl.lS
http:rrrnk.es


Same day shipment 
Fi rst line parts only. Factory 
tested . Guaranteed money 
back Quality IC's and other 
componenis al factory prices. 

INTEGRATED CIRCUITS 
7400TTL 
<o•ir.1 

"'11'.!fl.lN 

i;.-~~..1.1 '!<:j] f, 

Sl'-~1<;~ 
~~7-: 1,S lf);1l 

I ' 0...,, 
s;·. H~f 

o:: . ·..:1(f1 
S-·1'-l.tt;.1 

.,,, 
9'·.tlSl;>?N .. ·~ l:. l'iltl 
s 1·:i. s1~1N 

''.IJ 
: 2S 
' " ~J-i74~Cf4 ..  .; ' 

9~"4 LS • 
~W-tLSl''1 · '"' ;? !0.5 

s·1 r.i·s1 '., i:N74LS1 !k"'~ "" t."•M{)', .. •.; ._f.1 91'~ t"-'l M..,..OiA DISPLAY LlrDS .>) ti! '$.•.S•Jil' 
~· 1 1~.iltl ~ · 1' 1 .>v«,;;"4 .... '-l!.~ ... M"'N' c.·. .. .,, ~ I lil• r'IQl't 
~ · 1 ·41J1 : ,. ·.·.i SJIY#/ .·oo ·-t~l:I:~ I!~ M·~'I· er t'.' .. ,, ·' 

.fjf ..;
••.: r-r . ....,.i c;,, ;i,., ·n:a. ,,, .:.•.. .1 cc ~ ,, ., 1•1 

'!i ~'ol.'ol ' t ..·• '"' -·. ·s.:r.o:·ri ,. PJ .V j ' o. '" ,, '• 

' ll:l)l 
li:~,-·.t~ 10l M.l.rl' i; :. JO() •'·LINE.A.A 

'S ' l'•H~Jl '-'I ~ "" •UH 
; •j l,181<N •11') ,, :. ~i · ...1~ .." M.UJ': cc 100 . 15A•:Jlll 0 	 ' J'Hi!." 

'00 	 , . ·' '.'r"''""•.,., •: ...~f',N Ol ·l'~ 


, · ~qz•j oO ·~ ·-.:<.:('!j " 01 ":'' 'V')7 ...."
c;: . ·.1'JC'~ ,, ,, ... .;;·. c:. JIJO 
CRYS TALS 

c:. ~ 
<;;;•. ·-1 •6 f'1 ,. m•.11 " ·n; ..J ,.,,.'" ~:. " .. CMOS ., • 1-c ,: 11•1: 
~ 1.:u· 1 1N 	 :•i rt.1J.'-l '00 <.i) ..: IJQ I "r., " :•..,.... ,:. •'.'> 


'" .~ irll!!? ct« " ....,.. 
.... ,.4 1;:'111 	 ,, "r::"'lc,1n 1 .-• 
:;.:,·.n:.•: J ' ' ,,

"'.·~ 11119 ~ ; .. C Q.l')' l "'OS "" EMOAV" ., •.• j(l1 /,N C[).10 1." ... l~ '.'f"I: >, '5' · · ~,'i(/l ., ., ,. ,,, "'~ •: ' 
$', '41!,4N 	 .,•,n m .'.•• CNC•! 7 1 [1~..' , ,," 	 ='IJ '>-11t •11,:1').'N 	

' 
.,'.'10 "1l co.:o'" ;>1(1; ,.. ... ... • lS'l 1~161N 	 .. ..'1N<lf j 	 ;;t:i C°'2"1' ' ;111" :t'n,;, •.1'~., •11 ..,

••11~:;-. 1.: 1•.1 ·1 	 "' ...... ,...,. '.• 1l't"'.... ('~f':XI ;°) 11n;" ; ~"i 
$ ' 1'41•si1 	 CLOCKSr-.().l(l(>l ;> • 111 1'4'" 

· .·.;•ll1· 1 	 t •',<C,H! 
·.~, ' "'.lr,i ." Cl').IOVJ " ;>11.· .·~) ·•:> 

~·.. ·-11 "' •.11>Vot. .,., r.0.:-:..19 ., ~.",• .., 'I·'' "',, l',• ~lj.11) cn.1~ 
UART ...... ..._1' ' ' 5· 1 · ~1q1~ 	 1FIJ 

., r.: 1"8;'J 	 ti. t'. H11 • 
'.' 18i",N l~ CCM~~, 	 '·" ·'"'l'.I 

s. ·::r.. •"il 	 .,., " ""·' '-11'1 "" l '.' 'r flt r.~ C0.:{!?2 '" A 10 D CQrfVERTfR: '"' 
~ · . ·..: 	 .:,t,L '·".'~·~ COJ~2 '" .. r•. .. '·"·'"'i•ft 

("ft, 
7~lSOO TTL 	 "' ',• 'l 'i!,1 " C~!it ;'Jr''-' ' 
s·~ 'J.L CC 1 r<11~ JC SOCKETS

,, .. PROM•,< 'll',I 
1111.. ;; ..s.w.:. -o;;c.:·... '~ 1JO\o..t SOldt t Tin 

~ ~j · .! L~.:· ,, L '/J'11N .~t lUT ERJ'."ACE 
., 

1.-- Pra mo NR:'c-:>-; 
:.1;·1 • )

5.'r·k!UCll' ,. '.' ·'('Q~ run '.!"YJ r I PIH 'VP PIH I UP.,s..., ·.:. 1..s1ou ... ::;: ...~ ... ... '.5 ' ,f>J ' '·-al" 'lf 	 ·h " s....r.1 1.sw~ ,.," ' .f~Gl r.F;t1&t" ,., Ml(;AO· "' .,' .." 
t;.•.-.: ._'}uri »t"'• "" r ~t'="'-"• PROCESSOR 
-Stll-ll.57"1 " '5 •,q., JB :•10" rn1tv,1. :'''i ..,.., ..; ~ .." " ...... .. ~, 1 'P.. >Dl ,., .;o ,, ,,., -:.,~5 ...i;? , ""LS9(Jl'1 " '"""' 
Liteguard Warning System $7.95 

\l\On'l let yCJ.J leave your ca< with the lights on One year warranty Save manv 5 on 

dead banenes anCI costly service calls S7.95 Two for $15.00 


Not a Cheap 
Clock $17.45 
Includes everything 
except case. 
2·PC boards. 6· .50 LED 
Displays. 5314 clock 
chip transformer. all 
componems and full 
instructi.ons 

P.O. Box 4430C Santa Clara, CA 95054 
TERMS: $5.00 min. order U.S. funds 

Calif. residents add 6% tax. 
FREE: Send for your copy of 

our 1976 QUEST CATALOG. 

ELECTRONICS 
MICROPROCESSOR i(fT 

11,,~ ·' '" 

Miles Per Gallon 
MASTER MANUAL 
IC UPDATE 

Circuit 
Complete IC data from As descnbed Jan 1976 
all Manufacturers. 4.000 EON mag. 
cross references. S30 00 Digital Flow sensor 529 50 
ccmplete with quarterly Spood transducer 58 00
update service For 

CMOS rate mult1phers 5 19 95Dcmes!lc Air. add S2 00. 
Foreign. S6.00. 2· 50 1n d1spt vs S2 50 

CIRCLE D. 46 FREE I FORMATDN CARD 

CB SPECIALS-R.f.DRIVERS-R.f. POWER DUTPUTS-FETS 
2SC481 
25C482 
2SC495 
25C502 
25C517 
25C614 
2SC6!5 
2SC616 
2SC6 17 
25C699 
25C710 
2SC711 
25C735 
2SC756 
2SC765 

1.85 25C76715.75 25C866 5.85 2SC!449· I 1.60 4008! 1. 50 
1.75 25C773 .85 25COl3 1.50 25C475 1.50 40082 3.00 
l.!O 25C774 1.75 25CIO 14 l.50 2SCl678 5.50 25C608 4.85 
3.75 2SC775 2.75 25C!Ol7 l.50 25Cl679 4.75 SK3046 2.15 
4.75 25C776 3.00 25Cl018 1.50 25Cl 728 2. J5 5K3047 3.75 
3.80 25C777 4.7525CI173 l .25 25C l 760 2. 15 5J2095 3.50 
3.90 25C778 3.25 25Cl226A 1.25 25Cl816 5.50 SK3048 3.25 
4.15 2SC797 2.50 25CJ237 4.50 2SCl908 .70 5K3054 1.25 
4.25 25C798 3. 10 25CI239 3.50 25Cl957 J.50 
4.75 25C781 	 3.00 25Cl243 1.50 25F8 3.00 2SK19 l.75 

.70 25C789 1.00 25C 1306 4.75 HEP-530013.25 25K30 l.00 

.7025C796 3. 15 25CJ306·14.90 250235 1.00 25 K33 1.20 
.70 2SC799 4.25 25C!307 5.75 MRF8004 3.00 

300 2SC802 3.75 2SCl307·1600 4004 3.00 3S K40 2.75 
9.50 25C803 4.00 2SCl377 5.50 4005 3.00 3SK45 2.75 

25C766 10.15 25C839 .85 25Cl449 1.30 40080 1.25 3SK<!9 2.75 

25A52 .60 256187 
2SA316 .75 256235 
25A473 .75 258303 
25A483 1.95 256324 
2SA489 .80 258337 
2SA490 .70 258367 
2SA505 ' 70 258370 
2SA564 .50 2$8405 
25A628 .65 258407 
25A643 .85 2$6415 
25A647 2.75 25 8461 
25A673 .85 258463 
25A679 3.75 258471 
25A682 .85 2564 74 
25A699 1.30 258476 
25A699A 1.75 258481 
25A705 .55 256492 
25A815 .85 256495 
25A816 .85 258 507 

256511 
25 822 .65 
25 854 .70 25C206 
25856 .70 25C240 
25677 .70 25C261 
25 81 28 2.25 2SC291 
258 135 .95 25C320 
256 152 4.50 25C352 
258 173 .55 25C353 
2561 75 .55 2SC37 I 
258178 1.00 2SC372 
258186 .60 2SC394 

.60 2SC458 
l.75 25C460 
.65 25C478 

1.00 25C49l 
2. 10 25C497 
1.60 	 25C515 
.65 25C535 
.85 25C536 

1.65 	 25C537 
.85 25C563 

l.25 25C605 
1.65 25C620 
1.75 25C627 
1.50 25C642 
1.25 25C643 
2. 10 25C644 
1.25 	 2SC681 
.95 25C684 
.90 25C687 
.70 25C696 

25C7l2 
1.00 25C7l3 
1.10 	 2SC732 
.65 25C733 
.65 25C739 

2.00 	 25C715 
.75 25C762 
.75 25C783 
.70 25C784 
.70 25C785 
.70 25C793 

.70 125C815 .75 25CJ569 1.25 
.70 25C828 .75 25Cl 756 1 25 
.80 25C829 .75 

2.50 25C830 1.60 25030 .95 
1.60 25C839 	 .85 25 045 2.00 
.80 25C945 .65 25065 .75 
_75 25Cl010 .80 25068 90 
.65 2SC101 2 .80 25072 1.00 
.70 25CI051 2.50 25088 1.50 

2.50 25C!061 1. 65 250151 2 25 
1.00 25Cl079 3.75 250 170 2.00 
.80 25CI096 1.20 250 180 2.75 

1.75 2SCI098 1.15 250201 1.95 
3.5025CI115 2.75 2502 18 4.75 
3.75 25C l 166 .70 2$0300 2.50 

.70 25Cl! 70 4.00 2503 13 !.10 
2.50 25C 11728 4.25 250315 .75 
2. 10 25CJ209 .55 250318 5 
2.50 25Cl213 .75 250341 95 
2.35 25C 1226 1.25 250350 3.25 

.70 25Cl243 J.50 250352 .80 

.70 25Cl293 .85 250380 5.70 

.70 2SCl308 4.75 250389 .90 

.70 25Cl347 .80 250-390 75 

.70 25Cl383 _75 250437 5.50 
1.75 25Cl409 1.25 
1.90 2SC14 IO 1.25 Cl 066 1 50 
1.00 	2SC l 447 1. 25 
.70 25Cl448 1.25 MP5·U3! ~ . 00 

1.00 25Cl507 1.25 
2.50 2SC!509 1.25 

POWER-TRANSISTORS HIGH-VOLT. TV. TYPE . 

BU204 1300V 3.90 8U207 1300V 5.40 2SC 11728 1lOO V 4.25 
8U205 1500V 4.70 6U208 1500V 6.25 25C308 l lOOV 4 .95 
8U206 1700V 5.90 2SCll70 1IOOV 4.00 2SCl325 l l OO V 4.95 

.- . 
JN270 . 10 2N960 

914 _IQ 2 962' 2N967 
2 173 1.75 2NI 136 
2Nl78 .90 2Nl 142 
2N327A 1 15 2Nl302 
2 334 1.20 2Nl305 
2 336 .90 2NI 377 
2N338A 1 05 2Ni420 

TTL 
Noa s. 	 . 20 

. 1S 

·'' ,. ,,1S 

.11 

. 30 

. JO 

.40 

.JO 

.1 2 

.75 

.•o 

.11 

.11 

.13 
. rn 
. 30 
.30 
.:o 
.12 

1. 00 
t,r,~ 

. 10 

. Jn 

. IO 

.2s 

. to 

.21 

.25 
, I ~ 
.in 
.40 
.rO 
'35 
.71 
.~ ; 

.71 

.9, 

. 3~ 

All tC's Jre nw Md foll., 1.-es.:ed. 
lt!'.ld S -'n~ oL.ited wft.n '?Ol d or sold~ t'. 
Dul!- to f nc::re! ~~ co\ t~ . orde1~s 1m(ler 
51. 00 .ddd Sl.0·1 flOSli:VJ!;' d,mj ";,.ndli nq. 
Re<; i<! etH~ of Califo,.nf11 Jdd s.a l es .n.. 
Or def"S ,.fairtper. P"'<''"P(ly . S. 10 "1inf"1l.J r.i. 
f! ,.de,. o" C.O . tl. ''5i . 

OEM SPECIALS 

.55 2N2219A .30 2N 29 I 3 .75 
JIO 2N 2221 .25 2N2914 1.20 
.50 2N2221A .30 2N29 l6A 3.65 

1.35 2 2222 .25 2N3019 .50 
2. 25 2N22221\ .30 2N3053 .30 

.25 2N 2270 .40 2 3054 .70 

.30 2N2322 l. 00 21 3055 .75 
.75 2N2323 1.00 2 3227 i.00 
.20 2N2324 1.35 2 3247 3.40 

2N3988 0 2N l 483 .95 2N2325 2.00 2N3250 .50 
2N404 .30 2N 1540 .90 2N2326 2.85 2 3375 6. 50 
2N443 !.75 2 1543 2.70 2N23 27 3.80 2 3393 .20 
2N456 1.10 2N !544 .80 2N2328 4.20 2N3394 .17 
2N50 1A 3.00 2 1549 1.25 2N2329 4.75 2N3414 . 17 
2N508A .45 2 1551 2. 50 2N2368 .25 2N3415 . 18 
2N555 45 2N1552 3.25 2N2369 .25 2N3416 . 19 
2N652A .85 2Nl554 1.25 2N2484 .32 2N34 l 7 .20 
2N677C 6.00 2 557 . 15 2N271 2 .18 2N3442 1.85 
2N706 .25 2 1560 2.80 2N2894 .40 2N3553 I.SO 
2N7068 ..10 2NI605 .35 2N2903 3.30 2 3563 .20 
2N7 1I 50 2Nl6 13 .30 2N2904 .25 2N3565 .20 
2N 71 l 8 60 2Nl7 I I .30 2N 2904A .30 2N3638 .20 
2 7 18 25 2N1907 J. 10 2N2905 .25 2N3642 .20 
2 '7 t8A .30 2 2060 1.85 2N2905A .30 2 3643 . 15 
2 720A .50 2N2 102 -40 2N2906 .25 2N3645 . 15 
2 918 .35 2N22 18 .25 2N2906A 30 2 3646 . 14 
2 930 25 2N2218A .30 2N2907 .25 2 3730 1. 50 
2N956 .30 2 22 19 .25 2N2907A .30 2N373 l 2.75 

SILICON UNIJUNCTIONS INTEGRATED CIRC. 

2 3740 
2N3771 
2 '3732 
2N3773 
2N3819 
2N3823 
2N3856 
2 3866 
2N3903 
2N3904 
2N3905 
2N3906 
2N3925 
2N3954 

1.00 2N4401 .20 
!.75 2N4402 .20 
1.90 2N4403 .20 
3.00 2N4409 	 20 

.32 2N4410 .25 
.70 2N4416 .75 
.20 2 4441 .85 
.85 2N4442 .90 
.20 2N4443 J.20 
.20 2N4852 .55 
.20 2N506 1 .30 
.25 2N5064 .50 

3.75 2N5130 .20 
3.50 2N5133 .1 5 

2 3954A 3.75 2N5138 . J5 
2N3955 2.115 2N5198 3.75 
2N3957 1.25 2N5294 
2N3958 1. 20 2N5296 
2N4037 .60 2N5306 
2N4093 .85 2N5354 
2N41 24 .20 2N5369 
2N4126 .20 2 5400 
2N4 141 .20 2N5401 
2N4 142 .20 2N5457 
2N4 !43 .20 Cl03Y 
2N4220A .45 Cl030 
2N4234 .95 Cl0681 
2N4400 .20 Cl06DI 

RECTIFIERS 
10 

.50 

.50 

.20 

.20 
.20 
.40 
.50 
.35 
.25 
40 

.50 

.75 

100 
2N2646 50 2N2 160 .65 UA703C .40 
2N2647 .60 2 '48 70 .50 709C OP. AMP. .25 IN4001 .60 5.00 
2N6027 .55 2N 4871 .50 741C OP. AMP. .25 IN4002 .70 6.00 
2N60 28 .70 2N4891 . 50 7400 . 15 IN4003 .80 7.00 
05£37 . 25 2N4892 . 50 7404N . t8 IN4004 .90 8.00 

2 4893 .50 7430N . 19 IN4005 l.00 9.00 
2N4894 .50 9LOO 74LS OO .35 IN4006 1.10 10.00 
MUl O .40 74H 55N .35 IN4007 1.20 11.00 

New-Tone Electronics 
P.O. Box 1738 A 
Bloomfield, N.J. 07003 
Phone: (201) 762-9020 

ALL PARTS GUARANTEED AND TESTED ON PREMISES. 
N_J , resi dents add 5°/o sales lax. Minimum o rder SS.00. All orders 
add $1 .00 postage. Dealers write or phone for discount prices_ 
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TAPE AND RECORDERS 

RE NT J-Tracl< open 1eel rnpes - free brochure S1erea · 
Parh, P 0 . Box 7. fullon. CA 95401. 

1930· 1962 Aadto Prog rams. Reels. S 1.00 Hour! Casseues . 
$ 1,00 St1ov• Ma11lrno1t1 Cata log. Sl .25. AM T1easu,es . 
Box 192PE. BaOylO"_: ~7~2. --- 

RUBBER STAMPS 

RUBBER ADDRESS STAMPS F' ee Caoalog •5 typc styles. 
Jac kson~: Dept. K~ownsville Rel . Ml Vernon . Ill 628~ 

NEW Poc ket Case Add•ess STAMPER Sl I 95 100.000 lm
pre S S IOO'S without R e -l nlong • 25 Yr Un c:onC1111o nal 

G""'""'Y · NO INK PAO' LEE GARLAND Box 17056. San 
O•ego . CA~• • 7 

BOOKS AND MAGAZINES 

FREE 1100'< p ro pt1et Elj 1ah com 1n ci oelor~ C11 r1 s Won ~ r1 ul 

b1 b lt..• ev1CJer 1c:e Mcg1dOO M1ss1o r~ . Dep1 6-1. ·' 8l Thurston 

Rd. Rocnesce r. NY IJ61 

FRE E C ATALOG Av1auo n nnd Space Books ACJ O Pub
l1 s•~e r s. 329PC. \•Vest Av iat ion Fal lbroo k , C .i111o rn1a 92028 

TH E AUDIO AMATEUR A quanedy puhl1Ci1 ttun 101 th 
~ r 1•1 11 s m1cho c'1 ns1ruc to r Fr ee prospec1us The Al1 d•o 

Arnatcur Oo>. 176Z Petcroo1m1~h . NH 03J58 

CB SLANG DIC TIONARY Most corn111e1e C B D1 c l1 tma1y 

Han cm oo k ,wai l.ab le H~1ndreds o i s lang terms p lus ptlrt 95 
rnandato1y FCC rul"S G1eat g 1H Otder NO~·V Send $5 00 
10 Co rnrnlHi•ca.tio l"I Boo l<s . Inc .. Dept PE Bo>. 10198. Mil· 
wo.wi..ec . WI 53210 

CRO MEFIGHTERS' SHOPLIFTING' LOC KPI KING' DE· 
BUGGING' ,\II J t>noks l<ir on ly SS 00 Don- Q 5.15 PE Seal 
lie Was11mq 1011 a111 

WANTED 

GOI. D Silve r Pl.a11 nu rn . Me•c u,y waru e<.I H1~hes 1 puces 
1JLJ 1tl t.)y re rrnery Ores ~ssayea . Free r.11cL_1 !m Mmc111y 

T erm ina l . No rwood . MA 0206'2 

WANTED HYCOM Mo Clcl 622-D Po we r T1anslo riner RoO rl 
Jacksou . 648 Broaciway, Ven ice . Gahl. 90291 

~OILY~ ~«& 
NO~IL~/AYA\~ 

ir~~1r C.OINllNl~~1r11@~ 
WlllrlHI E~-HOO>K 

E-Z Hooks have lleen designed and fie ld tested throughout the industry to save time and 
money in commercial electronic production and servicing. The spring-loaded hook attaches 
firmly, yet so gently it wi ll not damage component - frees hands while testing. Durably 
const ructed and fully insu lated to a single contact point assuring true readings. Meets exact· 
ing laboratory and space age computer techno logy requirements. AVAI LABLE IN 10 
RETMA COLORS : Red, black, blue, green, orange, ye ll ow, white , violet, brown or gray. 
The most unique field ·serviceable test connectors availab le. Fast, safe, sure and tro ub le-free. 
NOW AVAILABLE FRO M ANCRONA . . . the source you can trust fo r fine quality, 
industrial -grade electronic components and accessories. 

'"r-' HMMIM!! -......-- 

Specify color. 

,.....,..... *U ii "IM·'I 
Jumb&r with X-100W Mini Hooks 

Ordor No. Lenl)1h Prico 
204 ·12W' 12" $1 .60 
204 -24W ' 24" 1.60 

Jumbor. XM Micro Hook to Banana Plug 
Ordar No . length Price 
20 1XM • 32 " $ 1 .40 Sf)ecify color. 

Jumper X-1 OOW Mini Hook'•• 
to Stacking Banana Plug 

Order No. Length Price 
20 l W" 32 '' Sl .35 Speci fy color. 

Pr it:•1 •l t.,.1lw lhtflu(lt"o J u l y '.U. 1916 
'>'11 n1mum 01d•• 510.00. Ad el i.1.00 to ca ~•· poeo11111111 ..,o l!an.dl lilnt1. co1.111ornl.lo 1H.a1nu. •Oii 6 % u l•t ui • • 

PL.EASE V ISIT OUR ELECTRON IC STORE S 
ARIZONA CAL.IFORNIA CANADA 

oj.S 1B Ean l}t fl Klwav , IOBCI Jlil t•ro(14'1 0 1 .. r1 , i =ioo E. E.t1"1i<' r A,.. , 56!.IS fr ..•r S tr-1

••xn•n.1u 1 r~ H,. 11 c"' $~~1d'C~~g~~~ .,..s~~;~~~:R!>~~~ var"o....•1. e.c . v~w 2z• 

@~~..~ 
P1 k •1 m.Jllt Yar y a1 - r 111111 <!:t!luft lAt 1- •ll-t . 

Jumper, XL·1 Mini Hook .. 
to St;ack inQ Banana Plug 

Order No. Lel'lgth Priee 
201 XL-1' 32" $1 .95 

Wiring pon 
with unique integral 

spring wire clamp for w ire 
re tention eduancemenl und re:ttac: · 

cton. With spool . ••.. , , .•. . S7.99 each. 

ADDIT IONA L WIRE SPOOLS - Package of 2 spools 1120 
melenl of 34 AWG wlra . . . . . . . . . . . . . . $2.68 

l'lli\~\r BUILD YOUR OWN 

IJHJ~K~T,Electronic Games 

Each PIGIKIT Game is Quick, Easy & Fun to Build, Fun-to-Play, & Includes: 
• 	 All PAE TESTED, ··s1a1e-ol -t he-ar1· · 100% war r an~oCI pans • D e1~lled sc h em.o r1c dlagr ;'Jm a r~ d .:.:;sembly clrow lng 
• 	 P R E ORlL l ED PC boa rds f or quick c.1sv i r1 $t al13 tion of • IC log ic diagrams 

di9 i1a 1 c omponenu • E xcl usi\lle _ • . 5croened f ilm cop pan el ove rl8V fo r 
• C01tip lc-te o rofessio na l as.sembly instruc tions prolosslo 1rn l appearanco 

SLOT MACHINE 
An electronic "push button bandit". 3 
LED's read out C for Cherry, 0 for Orange, 
L for Lemon and P for Prune. Hit any three 
al ike, and you win. Osc illates at different 
rates, so game cannot be "fixed". 

Reaction TENNIS 
10 \efJUl!PllDllv lit lEO'~ til e in 

ii (i rc 11.1. Push !hi: llil•llr.m oa ri cl 

only om? LED \1D't'i 11t. Oe-s-iJnod 

10 mdica tc- th i: nl,Jmbl,!r "' m.ov~~ 
In !J3flle~ it1a • r et:Ju i u~ a 
numbere't nimner , 

Order No. 10711 $20-95 Order No. 10705 

Regulated POWER SUPPLY 
A ro11 o f 1he d1eto with o11 I I 

r11m1blt OU 1COmt'!' C2 tlu u 121 ±15v.@ 500 ma. +5 v.@ 1 amp. . 'ted 
a1 the 1lu~h 1~ 1 .a bu non. 14 Ll\"(\1 . IIdea l fo r nl l h oblly1S1s. Com pln toly
LEO'' 1c wuR1111pot1 on die". 
(.h!l' ro pray f.10NOPOL Y, LI f E, assembled. Used & ies ted."Tnci'Odcs l in o aua.ntlt'! ' 
elec1,ori •c ··csnP\··. toy ipmi! ~slormer & m o di fication kil. 
1ha1 ·~ctm r C"\ o111011ol thi: dice-. 

Order No. 1 0716 . - . Only $29.95 

OrderYourDIGIKITS Today! California residents add 6% sa les tax_ 
Add $1 postage & handling on orders under $10.Indicate quantity and order no. Phone Orders - Call (213) 993-1311 
Send Check or Money Order to :~12''"'""'1 Min. Charge $15. 

~ - Inc lude all card No's- DIGIK IT ENTERPRISES, INC . Dept. PE 776 
FREE! OIGIKIT CATALOG Send lo• you• copy . 20450 Plummer St., Chatsworth, CA 91311 

CIRCLE NO . 10 ON FREE IN FORMATION CARD 
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ZENER DIODES 500 mW - 5% 
v 1-9 10up v 1·910up 

IN52236 2.7 .45 .40 1N5246B 10 ,45 .40 
I N52248 2 .8 ,45 .dO IN524 7 B 17 ,45 .40 
INS'.2256 3.0 .45 ,40 IN52486 1B .45 .•O 
I N522fj.Q 3.J ,45 .40 IN5241JB .40.. .45 
I N52278 J .6 .4S .40 IN5250B 20 .45 .40 
IN522S8 J .9 .45 .•o lN525 18 22 .45 .40 
IN52'2SS 4.3 .45 .40 IN52528 24 .45 ,40 
!N52306 4. 7 .4S .•o I N52539 25 . 45 .40 
IN52 J 1 E!I 5.1 .45 ,40 JN5254B 27 .45 .40 
IN5232B 5.6 .45 .4 0 1NS2558 28 _45 .40 
:NS233B 6.0 .45 .40 INS2566 30 ... .40 
IN 5'2JAB 6 .2 .•5 .40 1N5257S 33 .45 ,40 
tN52J5B 6.a .45 .40 I N5'2586 36 .45 ,40 
IN52j6B 7 .S .45 ,40 IN5259B 39 .45 ,40 
IN52l7B B.2 .45 .•O I N 5260 B 43 .45 ,40 
INS23SB s.7 .4S .40 I N52619 47 .45 .40 
1N62]g8 9 .1 .45 .40 IN5262B S1 ... ..ao 
IN5240B 10 .45 .40 IN!!!i263B 56 .S5 .50 
I N52418 11 .•5 .40 IN52G4B 60 .SS .so 
IN'5242B 12 .45 .40 INS265B 62 .SS .50 
IN 'S2438 .45 .40 IN52G6B 6a .55 .50,, 
IN52d4B 14 .45 .40 1N526?8 75 .SS .so 
IN524SB 15 ,45 ,40 

7400N 
740 1N 
7402N 
740.JN 
7404N 
740!;ioN 
7406N 
7407N 
7408N 
7409 N 
7410N 
7411N 
7412N 
7413N 
7414N 
7416N 
74 17N 
741 8N 
7420N 
74'21N 
7422N 
7423N 
7425N 
74'2SN 
i4'27N 
7428N 
74.JON 
7432 N 
743JN 
7437N 
74J8N 
7439N 
7440N 
7 44 1N 
7442N 
7443N 
7444N 
7445N 
7446N 
7447N 
7448 N 
7450N 
7451N 
7453N 
7464N 
7459N 
7460N 

74HOON 
74H01 N 
74H04N 
74H05 ' 
74H08 
74H10N 
74tr 1 l N 

74l.OON 
1~L02N 
74L03N 
74L04N 

74LSOON 
74LS01N 
74l.S02N 
74 LS0 3N 
7 4LS04N 
74L$05N 
74LSOBN 
74LS09N 
74LS10N 
74LS l1 N 
74LS15N 
74 LS2 0N 
74L$21 N 
74 LS22N 
74LS2?N 
74LS30N 
14"-S J'2N 
74LS:'.!8N 
74L55 1N 
74 L554N 

74$00 
14$01 
74502 
74S03 
J4S0d 
?4S05 
7<:508 
7450 9 
745 10 
145 11 
74S1S 
74520 

14521 

74530 


9300PC 
930tPC 
9304PC 
9306PC 
9308PC 
9J09PC 
9310PC 
9311PC 
9312PC 
93 14PC 
9316PC 

WAVEFORM GENERATOR KIT 

EXAR XR205K .... . ... $25.00 

l
l 
Here's a highlv venatihi lab 
ins.trurn0n1 3t a h<lc•ion of 
the cost of conven cional 
unlt. Kit lric:lude-s 2 XR205 
IC"s. d.ati'.l & :tppllemiorr5o. PC 
board fe tched Lind (frllled, 
r·eady for 1)5semblyl and 
deta il ed insuur:1iom. 

7400N TTL 
1-9 10up 1-9 10up 1-9 10up 
. 14 . 13 7470N .40 .30 74152'N l.0.3 .94 
. 18 , 16 747'2N .40 .3 0 741SJN .es .?s 
.1a 16 ?47~N .42 .as 74J54N 1,0a .94 
. ia . 16 7 4 74N .1114 .40 74 lfiSN 1.02 .92 
.2 1 . 19 7475 .55 .50 74 156N1.02 .~2 
.20 •19 7476N .44 ,40 741 57N .90 .80 
36 .28 7480N .e o 72 74 15e N l.50 1..30 

.36 .28 74S 1N 1.30 1.25 74 160N 1.02 .92 
.24 .21 7482N .98 .96 7"1 161N 1. 10 1,00 
.28 .21 7483N .82 ,16 74 162N 1.40 1.30 
.2:2 ,19 748 41\1 l.80 1.70 74 16JN 1. 00 .90 
.26 .20 7485N 1 .2 0 1.08 74164N 1.16 1.05 
.34 .32 748GN .44 .40 7416'5N 1.20 1.1 0 
.45 .42 7489N 2 .20 2 . 10 74 166N 1.20 1. 10 
.99 .95 7490N .SQ .5 1 7 4 16?N 5,00 4.50 
, J!;i .32 7d9 l N .84 ,76 74 noN2.00 1.eo 
.JS .32 74921\1 .56 .60 7"1173N 1.66 1.50 
.30 .27 749 JN .62 .56 74174N LOO .90 
.is . 14 74!'.1 4N .ee .eo 74176N ,96 .90 
.JO .26 7495N .80 .72 74176N 1.08 1 ,00 
.50 ,45 7 49GN .76 .68 74177N i .08 1.00 
.37 .JG 7497N !3. 00 4.50 74 178N 1.4 2 1.JO 
.30 .23 74100N 1.10 1.00 741?9 N 1 .eo 1.70 
.28 .26 14104N 1,00 .'D O 14180N 1.12 1.02 
.28 .25 74105N l .00 .9 0 74181N 3.00 '2 .70 
.40 ,J3 74107N .40 .36 74182N 1.00 .90 
.26 .20 74109N .40 .36 74 18 4N 2.80 2 .50 
. 32 ,30 741 1ON1.00 .0 0 7418&N 3.00 2.70 
.44 .40 741'1 N1 .00 .90 7 4188N 5,00 4 ,80 
.29 .20 741 16N '2 .00 1.00 74190N 1.20 1, 10 
.29 .'27 ?4 118N2 .20 2.00 7419 1N 1.20 1.10 
.44 .40 7411 9N 4 ,00 3.60 74192N .98 .90 
. 17 . 16 74121N .60 .5 4 74193N .9:z .es 
.86 .8:3 74 t22N ,49 .43 741 94 N 1 .36 1.23 
.40 39 ?412~N ,68 .62 '7 41 95N .75 . 70 
.?2 .65 74l25N . 50 .45 74196N 1.40 1.30 
.72 .65 711126N .50 .45 7419 7N 1.40 1.JO 
.90 .8 1 7'1 128N .5 0 .45 741 9'8 N 1.40 1.30 
.90 .81 74 132N .92 .8'5 74199N 1 ,40 1.3 0 
.98 .90 14 136N .eo .n 742CION 9 .00 9 .00 
.99 ,9 0 741t11N 1.70 1 .60 ?4221N 1.36 1.25 
. 14 . 13 7414'5N 1. 10 1 .00 74247N 2.40 2.20 
. 14 , \J 741 47 N 1 .90 1.70 7425 1N 1,90 1.80 
. 14 . 1J 141.oaN ,_so 1.:::us 74279N 2 .90 2.50 
.14 .13 74150N 1.5:? 1,40 74279N ,66 .60 
.20 .18 7419 1N 1.02 .92 74298N 2 .00 1.80 
.1• · " H IGHSPEEDTTL 
3 3 74H20N 3J 74H~2N 36 74H73N 80 
2!i 74H21 N 33 741i!'>JN ,36 7dH74N 80 
JJ 74H22N JJ 74H54N .36 i'dH76N 7S 
JJ 74HJO 33 74H!S 5N 36 7.C.H 102 75 
40 14H40N 36 74HGON JG '4H 103 90 
33 74H50N JG 74f.17 1N 7S 74~ IOGN '!)5 
33 74H51N J 6 74H 72 N ,. 

LOW POWER TTL 
.24 74L ION '24 i 4 l 61N .34 14t..90N 1,6 2 
24 74L20N 33 74L7JN .43 74L93N 1 '51 
39 74L42N 1,33 74L 74N .90 ?<1L95N I 62 
33 74LS00 

1·910up 1-9iOup 
.36 . 35 ? 4LS 55N .39 .38 

.44 .40 74 LS 73N .SB .!55 

.36 .35 74LS74N .56 .6 4 

.45 ,4J 741.S7GN .65 .G4 

.44 .4 0 74LS78N .92 .90 

.4 & .44 74LS9GN i.082.00 

.38 .37 74LS 107N .59 .58 

.4 4 .40 74LS109N .92 .86 

.36 .35 7 4LS 1 12N .58 .55 

.46 .42 74 LS 113N .92 ,85 

.'58 .54 74 LS 1 MN .92 .85 

•44 ,20 'MLS123N1.60 1.50 

.58 . 54 74 L..$ 1JBN1 .89 1 .80 

.se . '54 74LS1:39N2.00 I.B O 

.44 .40 74L$151N1.68 I.SO 

.39 .38 74LS153Nl .BO 1,79 

,45 ,44 74 LS157N1.55 1 ,54 

.'58 .53 74LS15$N1 GS 1 .60 

.3!l .38 74LSi60N3.00 2 .10 

.58 .54 SCHOTTKY T TL 


.44 74SJ2 ea M5113 1.50 7dS 174 3. 30 

.76 74S40 .G'5 7451 14 1 .20 '4517Eio 2 .90 
GO 74S~O .76 7'1S133 .80 74$18 1 6 .00 

.75 ~4S.5 1 ao 145 138 2.20 MS 189 4 .40 

.55 74560 .80 74S 139 2.20 11'.$194 3.JO 
7G 74S64 80 74$ 140 .80 7<15 195 3.30 
80 74S65 .80 ?4S 151 2.20 745'251 2 .20 
76 745 1'1 .90 1'1S153 J ,40 J4S2~:3 2.40 
SS "1S76 1, 15 7 4S1 S7 2.40 74$2S7 2.40 

,GS 74578 I 16 745 158 2.00 74.S2S8 2 .40 
7ij 1.asBS 6 . 10 145 160 3.9 0 74.5260 1.20 

.65 ?4SB6 '2 .50 74S161 4. 70 74$280 s. 70 
76 1451 12 1 oo 1as 112 6 .00 74$289 4 ,00 
80 9300 SERIES 
$1 ,00 9JIBPC 2.JO 9:366P'C I , 75 93L 18 3.50 

l.20 9321PC 1.20 fl'3LOO 1.50 !IJL:n t.50 
l .50 932'2PC 1.30 931..01 1.60 93L.22 1.80 
6.!:lO 9324PC 2.00 '13LOB J.:20 9::JL24 2 .ao 
2.50 9J2ePC 2.50 931..09 1 .80 93 L28 .3. 70 
I.GO 93J4PC 295 9lL 10 2.80 9JLJ4 4 ,00 
1,50 9.JJSPC J .:JO 93L 11 4.20 9JLJ8 4.20 
2..30 9340PC 5.00 93t..12 1.80 9lL11a 6 .50 
1.20 9341PC 4, 10 9JL 14 1.70 '!>3L4l 6 .SO 
1.30 '9J4'2PC 1. 15 9lL16 3.20 '9JLGO J .00 
1.50 9J60f'C 1. 75 93L l 8 3.5 0 ~:JL66 110 

inil'flum orclr11r Sl0.00. Aod $1 .00 ;o i;: o v Clf i:io1t.ooa :1nd tl• r'lldling_ Col i forn le resodon.1., add 6% 111101 nti., 
PLEASE VISIT OUR ELECTRONIC STORES 

ARIZONA CA LI FOR NIA CANADA 
.f;5 18 Eil!l'it BrD•dW•V 

Tuqol'I, Ari:r:ol'llll 9571 1 
11 080 JeUu~on llhrcl. 

Cu lv1u C l tV, CA. 9 0230 
1300 E. Ed fngar A ... 11 . 

S 11nt.i Ana , CA ~J;?705 
5656 Fr.ast)r SlflHt t 

V11n cou1111!1•. S .C. V5W 2Z.ll 

@~~~'~ 

Prk1n mav '-'ll'V 1n o..,6 r ·thct-coun1or loc1111IQnJ 

H""T0 ·5 N~DtP 
LM105H 3.90 
t..M10SH ..:0.90 

LM114H :3. 00
t..M:300H l.20 
LMJOON 1.20 
LM:J01AH .50 

~~:~g!:~, 1 :~g 
LM302N 1.30 
LM30'2~ 1...:10 

~L.E~og;5~Au · -~~ 
LM3osN'" ! :~ 
~~~g;~ ::~ 
\..M30 ?M 1.50 
LM307N 1.60 

t~~g:~~ 5:g~ 
L.M300D 2 .25 
L.M308M 1.00 
LM:J09H 1.75 

t~~~g~ ~ :~~ 
t~~~~~ ~ ·.•200 

1-----..;.;.;_ 

C~~~Oup 1 -9 10up 
4000AE . lfi . 14 

1·9 10up 

4000AF ,28 ,24 :g~~!~ ! '.~~ ~ :~ :g;~~i ~:g~ ~:g~
d000BE . 19 . 1EI 4022BE1.10 1.0!5 d060AE 1.70 1.68 
4001 AC .24 .20 402JAE .24 .22 '10G3AE2.50 2.n9 
4001 BE .27 .24 d023BE .30 .28 40G6AE .90 .99 
40MAE .24 . 15 4024.AE .80 .70 d05SAE ,44 .43 
4002AF ,34 .25 4024AF .95 .85 4068BE .53 .49 
4 0028E .30 . 18 40241JE .95 .75 .r.QS9AE .44 .43 
4004AE4.00 3.eo 402SAE .24 .20 4069BE: .S3 .48 
4006AE I .JO 1.20 ..:l02!!!iAF .40 ,JS 4070SE .GO .69 
4006AF 1.50 1.30 
4006BE l.:35 1,25 :g~~!i 1 ~;g ,:!: :g;~:~ :;: : ;~ 
4007AE .24 .23 4Q27AE .55 .50 "1073AE .40 .Jg 
4007AF ."10 .39 4027BE .60 .56 '107SAE ,40 .39 
4007 BE .27 .28 d028AE .9'5 .90 4071,;AE 1 .24 1.22 
4008AE 1.15 1.14 4028BE 1.00 .95 4077AE .40 ,J9 
.:'.IOOBAF 1..JO 1.25 4029AE1 .:l0 1.10 407'BC .44 .4.:'.! 
4009AE .SO .45 4029BE 1.25 1.15 4078Ae .40 .39 
4009Be .55 .50 4030AE .49 .40 4079BE ,i:M ,43 
4010AE .50 .45 40JOA.F .65 .GO 4091UE ,40 ,39 
401OBE .55 .50 40308E .55 .50 409'2Ae .39 .38 
401 1AE .24 ,23 4033AE.2.00 1.9 0 4082BE ,43 .42 
4012AE .24 .22 40J5AE 1,20 1.10 4003AE1.66 1.64 
4012AF .34 .32 40358e. 1 .25 1 .15 4005BE-1.95 1.94 
40i 2B E .29 .27 "1040AE1 .2C 1, 10 4098Ae.1 .30 1.29 
401 JAE .:JO .28 4040AF1.SO 1.40 4099AE2 .90 2.B9 
4013AF .4'5 .43 1 
4014AE 1.05 1 ,00 ::~!i~ :~~ ~ :~g :;g;:: 1 : ~g ::~ 
40 14A F l.:JO 1.15 40d2AE: i.ao .85 4508Be 2.20 2 . 19 
40146E 1.10 1 . 0~ 
4 0 16AE1 , l5 1. 10 :g:!:~ ::: ::g :~~g::~ ~:~ : :~: 
ll015BE 1.20 1.15 404GAE3. 10 3 .05 45118E'2.00 \ ,99 
4016AE .55 ,49 4047AE.2 .00 t .90 4512BE 1.30 1.29 
4016BE .60 .54 4049AE 1 4:::1 1.40 4514AE5.00 4 .99 
4017AE 1.05 1 .00 40'"19AE .58 .SJ 4515AE5.00 4 ,99
40 178E 1,10 1.05 
.::J0 19AE 1 .~4 1.23 :g:g:i :;~ ::~ :~!=:~ ! :~: l :~: 
.::1018BE 1,30 1 .28 4051AE 1.49 i .48 ::~~:~~:~g 2 :~:
.::J01 9AE .54 ,49 
4019AF ,70 .68 :g;i:: : ::~ ~ : ;: 452eaE 2 ,2 ~ 2 ,24 

4053AE 1.40 l .39 ..:S85AE2,06 1,95 
4020 .c..E 1.45 1.35 
40 196E .60 ,55 

405JBE 1,45 1,44 4901 AE .32 .3 1 
4021AE 1.30 1 .20 4055 A E 1.!'.16 1,9d 491IAE 32 .31 
INDUSTRIAL QUALITY COMPONENTS 


Wh.lt 1s more 1mpor1ant? 

QUALITY or PRICE? 
 y 

Wo ha'le doc:1ded to offer only rit111 h~ghest quall1y 

components When qual11v coun1s. you wri 


count on Ancroni! 


WIRE·'M\AP GOLD D IP 

PIN 1·2'1 :15 100 
14 ,45 ,41 ,37 
16 ,54 ,49 .44 

SOLDER  GOLD DIP 

SOLDER-TIN DIP 
1.;4 :15 100 

8 .:11 . 19 ,17 
14 .25 .22 .20 
16 .28 .25 .23 
18 .34 .31 .28 
22 37 .36 .35 
24 ,47 ,43 ,dO 
28 .88 .eo .10 

TD ·S 
SOCKETS 
TEFLON 

3 PtN ,55 EA 
4 PtN .65 EA 
6 PIN .90 EA 
B PIN 1, 10 EA 

10 PIN 1 .40£A 

14 .3• .31 .28 36 1.09 .98 .89 PLAST IC T0-6 
16 .31 .34 .31 40 1 .24 1.12 .90 8 PIN .40 EA 

Sl ·1010Ci 10W $6.40 
SI 10200 20W 9 .90 
SI 1030G JOW 1a 10 
St IOSOE SOW 24.90 
$1 - lOSOG 50W 24.90 

EP62A RED 3.00 EP1DOO ~E.O 5.50 

MATSUO 
DIPPED TANTALUM CAPACITORS 

M FD WVDC 1 ·9 1Gup 50up MFO 'rlN OC 1-9 iOup 50up 
. 1 35 S .30 $ .:25 S .20 

,1S 35 .30 ,26 .20 4.1 35 $.40 S ,32' S .26 
.22 JS .30 .25 .20 6.8 35 .40 .32 .26 
.33 JS . JO .25 .20 10.0 16 .38 .30 .24 
,47 35 ,30 , 25 .20 10.0 26 .39 :31 .25 
.68 35 .30 .25 ,20 10.0 '5 ,40 ,32 .26 
1,0 35 . 30 .25 .20 15,0 35 ... ... .56 
1.5 JS .35 .28 .23 22 ,0 16 .40 .'2 .26 
2 .2 20 .30 .25 .20 33.0 :10 .95 ... .56 
2 .2 JS .35 .28 .23 47.0 20 1.40 1.05 .90 
3.3 35 .38 .30 ,24 68.0 ,. 1.40 1 .05 .90 

CARBON FILM RESISTOFlS . , . Y. WATT 5% 
150STANDARO VALUES ... . . , ...... S 1.G9 prnr 100 IL1 si .:m 
10 ohm to 10 mogof'l m1 . , .Only ln 1T1 Ulllp l1n ol 100 PIH value IL12 1 ,40 

Prices •ll11:c- tlvo tll r ougn July 31 . 1976 

LINEAR IC"s 

Mio: MINl -OIP O• CER·DIP K•TO·:! 


LM3;o~~ 2.50 LM733cN Jo 

t.MJ110 ,90 LM70!1CN .'5 
LMJ11M 1.75 LM71DCH .00 

LM:J12H
LMJ18H 

1.75
1,50 

t.M7 10CN
LM711CH 

.90

.'!JO 
L.MJ1SM 2 .ao LM711 CN .0 0 
L MJl!;H'J J .40 LM715CH 3 .50 

~~~~~~ !:5~ ~~;~;~~ 4: :~ 
LM3351( 
LM336 t< 

Lt~M~~~o~ ~ 
2.40 
2.40 

~ :94. 2 go 
L.M723CN 
LMl2SCH 

~L~M.;1~5 , ccc"oD3 
.65 

l ,50 
5 
1 :. ~ ° 
3 

00, _

t~~~g · g~ ~ :gg ~~;:~g~ 1 :~~ 
\.. M JAO·SK 2.60 L M7 <11C M .39' 
LM340·6K 2.60 LM747CH .75 

t~~:g ~~K ~:~g t~~:~g~ :~~ 
LM3-'0·1SK2.60 LM777CH 2. 15 
L M J..:O l 9K2.60 LM777CM 2 . 10 
LM'J40 24K 2.60 LM.J041>CN ,95 

t~;~~g~ , : ~g ~iti~J:;N ~:~g 
LM51PCM 1.70 SG0:'50 1N 2.4 0 
L:_M_ 7_;0;,:;9.;;C_;H_,;;.7.;;5 .;;l ,;;M;:;5.:.000=K:._7;;·.:.50:...i P2405 B.808.00 AM25IOJPC 10.70 MH0026CN 5.50 

llllllllllllllllilll•• 

RAM' S SH IFT REGISTER 75107 

1.9 10up ·1.9 10up 
PJ10 1A 2 .2 D 2 . 10AM2841PC 8 .25 6.55 75 20SN 

:Jrn~A 
1 

i:~~ !:!g :E~!ii:g ;:~g ;:~~ ;~!;~~ t~~ 
P2101 , 5. 104.a5AM285?PC ; · ~ = ~-;; ?5451N LOO 

~~~g~ 2 ~ :~~ ; :~g :~~~~~~g ::g~ {;g ;i:~~~ ~ :g~ 
P2102 · 1 2.802.6SAM3J4 7P C 6.4 0 5. 10 7520SER I ES 
F'21 02 ·2 2 .702.60AM40250 73.0098.40 SENSEAMPS 

~~ ~g~: 2 ;:gg ~ :~g AM25~1~~·MSI g 00 ;;~~~ ;~gg 
P2 102A ·4 2 .952 .75 AM2502?C g'so 7522N 4,25 
P2 1ll 5 .705 .50 AM2603PC 9.50 7523N 1. 75 
:~ ~ ~! ~~ 5 90 5 .~0 AM2504PC 16 .05 7524N 2.00 

f>2112 ~ :gg ::;g :~i~g::g 1 ::~g ' 52~~Q.PHAS; .so 
2=~~~~ · : :~g; ::g AM25L02PC io:10 Mg~fJ-~~K 

;:g~elO ~ ::g i :~~ ~~i~~g;:g ~;: g~ MM~04f!1M 12.00 

~~~~52~E t~~ ~:~g :~~:~~:=~ l ::~~ ~~:~~ ~~:~g
IM75~ ·1CPE2 .802 . 65 AM'2S.S07PC 3.78 
IM7552-2CPE 2 .702 .60 AM2SSOS PC 3.5 1 
TMS4 0:3'5NL '2 .48 2 .30 AM25S09PC 5.40 
T'MSi103M.IL2 .70 2 .60 AM2S$10PC .504 
P910 1 5.00d.80 AM2SSIBPC 5. 4 0 
PS 101 ·2 5.2 0 4,90 AM25\..SO?PC 2.79 
PS l02 2 .4.8 2 .30 AM25LS08PC 2.16 
P8 102 2 2 .70 2.GO A M25LS09PC 3 .49 

~=~ ~ ~ ·2 ~:~g ~ :~g :~~;t~~;~g :J~ :~~ 
~101APC 3.50 3.30 AM25LS138PC 2 .1 2 
AM910lf3PC J .9 0 :'.!.80 AM25LS13'9PC 2. 12 
AM!l101CPC 5.50 5.30 AM25LS151PC 2, 14 
AM!H010PC 7.807.00 AM25LS153PC 2 . 14 
AM9102PC 2 .702.60 AM2SLS157PC 1.54 
AM9102APC 3.00 2.eo AM251.$1S8PC 1.54 
M"9 102E!PC 4,90 4 .50 AM25LS 160PC 2 .94 
AMli Hl2CPC 6 .2 0 G.00 AM2 5LS161PC 2 94 
Al\'S l C120PC 7.80 7.00 AM25 LS 162PC '2 :94 
LOW POWER RAM'S AM26L.S 16:JPC 2 .94 
ANl91LCl2PC 2 .752 .70 AM'25 LS 174PC 0:. 10 
AMJH.02A.Pc.:3.90 3.70 AM25 LS 17SP C 2 .7E 
AM91l.Cl2BPC5 .004.40 AM25LS 1B1PC 8 ,00 TMS:l i14J 
AM>1l02CPC7 ,00 6 .00 AM25 L.S 190PC 3.87 TMS:J 1'20JC 

PRO~~ 10up:~~~~~~:~:ki: :i ~;::~ggg~g 
1702A 16.95 14.soAM25L5195APC 1.77 3341A OC 

SHIFT REGISTER :~~~t~~~~ ~::: ;~:~~~C 
p 1·9 10upAM25 L5 257PC 2.00 3347PC

2401 
P2405 ~g:~~ i g :~g COMPUTER ~~g~ 
P2505t<; 3.7 0 3 .30 INTERFACE 7552•1 
2512K 4,30 4 .05 OM8820N 2.40 7652 ·2 

2'52 lV 2.50 2 .20 OM8820AN 6.90 MM40'55 0 

~:~;~ ~- ~g ;:~g g~==~~~ ~ : ;g ~~~:g:~~ 
2 533V 10 .50 8.50 OM8S32N 6.00 MM5025 N 
AM2802PC 4.40 3,50 N8T2GS 4.40 MM5026N 

:~;:g!:g :::g ~ : ;~ g~g~~g ~ :ig~~~g~~~ 
AM 2B05HC :'.! ,70 J .:JO 9602PC 1.9!5 MM5056N 
AM290GHC 7 .00 5 .60 96 i4PC 2 .3 0 MM5057N 
AM2807PC 2.40 2 .20 96 15PC 2 .40 MM505SN 
AM2QOBPC 3.SO 3.50 96 16PC 5.00 BIPO LAR 
:~~=~g~ 1~: ~g ~ :~g :~;b~g ~ : ~~ MEMORY 
AM2812AOC24 .00 19 .20 962 1PC 4 ,00 C3101 6. 50 
AM28120C2l. 00 16 .BO 75107 P31 0 1 4 ,90 
AM2813AOC24 ,00 19.2'0 75 107BN 2.60 C310 1A 7.30 
M128130C 21,00 16 .80 75 10SBN 2.30 P3101A s.eo 
AM28 140C12 .45 9 . 15 75 109N 2.20 IM 5S01CDE 7.JO 
AM282SPC 18 .76 15 .0U 75110N 2.20 IM5501CPE 5.80 
AM28260C,2 .50 18.00 75115N 2.25 MM556 00 7.30 
AM2821PC 18 .75 15 .00 75138N 2.95 MM55GON 5.80 
AM2833PC 10 .e5 8 .70 751'50N 3. 10 CM8599N 5.80 
Al'l.t2941APC10.50 8 .40 75154N 4 .10 9J40JPC 5.80 

LED• ,125" d lD. 
.160" .dia. .200" d ia. 

.200" dlo. 

MV50 RED S.30 
5053 VEL.LOW .40. 
SO!iJ AEO S . J~ -
 216 • MVS024§053 G RE.EN .40 

5053 • MV5tJ53505:J ORANGE .40 

D~!PLA~!El .. I 

EP62Ci GAEEN 3.60 3puE.P 1000 15.00 
EPG2Y YEL LOW J.60 5 pcs EP 1000 22. 50 
0111u1 s hao t for EP62 S.25 Cau1 shMr fo r EPJOOO $.25 

XAN72 RED 

Ot.B O RED 
OL81 RED 
DL 10 RED 
DL. 10A RED 
0\..10 1 RED 
OLSl RED 
OL61 RED 

XCITON 
'2 ,00 XAN52 GRE E.N 2 ,00 

XAN82 YELLOW 2.00 

LITR<lNIX 
6 .00 OL44 RED 6.00 
G.00 OL.402 REO 4 .00 
6 .00 Ol701 RED J .40 
4 .00 DL704 RED 2.25 
4 .go DL707 RED 2.JS 
9 .90 0Ll47 RED 2 .50 

12,00 DLJ3 RED 4.00 
OPTOISOLATORS 

LITRDNIX MONSANTO 
IL16' $ 1.80 1\..074 51 .00 MCT2 
IL7<: 1.35 IL0i'4 l.40 .60 

SGS-ATES 
RHYTHM GENERATORS 


Oui1lgnod 1-ru11oelfh;:11Uv for el&t: tronlc otgans 

CU'I(! othOf musical in1-trum11ru c:JHl9n1. O•

utllod apollcation'lo book, Qnlv ..•• 51.95. 


M2526 1AA 16 PIN DIP $15.00 
1S grog111.mm11ble rhvthm1 

wf\ii;:h cal'lnot blll su"edl'l"l~tad 

M253BIAA. 24 PIN DI P $ 19.50 
12 orogramm•b1"' rhvttlm'L 
w~ic.h c11n be ta.11=1.orimoo ud 


l 6-p119e dotiJ ~heel far both d8vic~s 


only S .90 

MM407H 6. 50 
MM451H 11 .40 
MM454F 18.00 
MM500H 2.CIO 
MM506H 3.20 
MM507H J .20 
MM!)50H 5.90 
MM551M 5.60 

MM555H 5.60 
MOS·LSI 

l402AN 
1403AH 
1403AN 
1404AH 
1404AN 
1405A 
1406 
1407 
1505 
1507 
1602 

3 .80 
4 .00 
3.80 
4.50 
2 .90 
4.00 
8 .40 
8.40 
3 ,00 
3.00 

33.00 
9 .40 
7 .00 

~:~g 
8 .00 

~:~g 
4,60 

:-~;
s:4 o 
5.50 

12.00 ' 

1 ~ : ~g 
2 0.00 
20.00 

2g: ~g 
5.50 
5 .50 
5.50 

CIRCLE HO. 8 OHfREE I HFORM~llOH CARD 
JULY1975 121 

http:Al'l.t2941APC10.50
http:AM28260C,2.50
http:AM28140C12.45
http:AM2812AOC24.00
http:AM91l.Cl2BPC5.004.40
http:AMJH.02A.Pc.:3.90
http:2.752.70
http:2.702.60
http:7.807.00
http:5.00d.80
http:T'MSi103M.IL2.70
http:2.702.60
http:IM75~�1CPE2.802.65
http:52~~Q.PHAS;.so
http:5.705.50
http:2.952.75
http:73.0098.40
http:B.808.00
http:M;:;5.:.000=K:._7;;�.:.50
http:LM3-'0�1SK2.60
http:4515AE5.00
http:4514AE5.00
http:4047AE.2.00
http:45118E'2.00
http:404GAE3.10
http:4099AE2.90
http:4040AF1.SO
http:4005BE-1.95
http:4003AE1.66
http:4033AE.2.00
http:4004AE4.00
http:10G3AE2.50
http:4022BE1.10
http:74LSi60N3.00
http:LS157N1.55
http:74L$151N1.68
http:74LS1:39N2.00
http:1JBN1.89
http:MLS123N1.60
http:i.082.00
http:4118N2.20
http:741'1N1.00
http:156N1.02


SCHEMATI C FO R 
COMPU TER 
INTERFACE 
SUPPLIED 

J 1 ~ 1•~1f'\ 111 l~•I RAM """'11 llt.,.I lo....t di«• Ille C,.U Ul-CI 
41 l!,t1!111t11t 11;..n=,..,.w.11m .."'l ll!Urft <ll'fl ' l<W'!1Hl•ti "'fll!llrC'...UJ1tt1 
!.I ,11. 11' _.o,...nal.,.,. .,.,.. ,..,, ,..,_ ,...,h '"'" 1t.r ltQM c1i.c1 
6J~Ul•lll'"liltllff l .....\J1el lN•I' 
n lTL uOa:sn1twu1..1o1y 

MAV SE USED 
a10........oe..ttt1 •"'•"'.ICIOl' ......'''~' 1~ 11;"11• 
~I A luwl mlv11111J1 ..,..,,.,. ..,,,.,,'l.Ml.c&h l'h ~IM.lllf 

101 [ •1M"'IJ.ol..+lt'lu6"0,hyl"'l;t107 l 'd11l-lf'lllfy 
I l l '° " '"' klo"'1d111l f1 S ? J7,..._11.&1..1WITH AMATEUR 

FIADlO FOFI VIDEO 171 "'""'"'Ii"' h911 ''°"·lf)ln• I M>ll 
1ll?7p.ne!J;ft l1J11 t·llf,... ,,_...,,I 

USE D FOR CHARAC· 
TE FI RECOGN ITION 
FOFI COMPUTERS 
WI TH £XTERNA L 
CIRCUITS 

liic\tlil.:\S 8 ,.;,1~•',.'"""fl-.. ' '·'"' l '""'Mt:• •11"1 1 Ulfil'tl•""~',it" 
•lloC.'O(Y.:h:l'l>~ l" tJo~J..l\ U\!I '"I'- 11..,1,. - · I U !irlli.t ttr"t\o' 1""1l'"'°' 

w.. '""''' ~ I Jitl'<l',t;.l'IJ 

MAV SE USED IN 

I ]8•11 A I ''In tiUCo f'o•••-••.,,... I '"" .,,.,, pi1,.1•.,..1hPP,h•"....,"'1t ..,,,., 
.olt11t I t)\1>l..-1+ul.,,, .... l.Ah...,.lflP,..<"!l'-1 l t1 •l•\t>l.1Yt•I ol 1... ·-~"~ 
,.nod,.,....,.,,.. W"t ... oh n.• ~ J,.frh-1... !n,,_.ol 

I 31i"~l:.O'-'ur-'·"Y'" '...,'"''. 
R 1101 IA VACUUM. UN· 

DER WATER , HIGH 
A LTITUDE. ANO 
IN MAGNE TI C 
ENVIRONM EN T 
BEC AUSE Tt-4E RE 
1$ NO HIC:H 
VOt.lAGE OA 

'°11uCM0'.:.11,;~ """'"'"~' f'C:,,., 1, ..,.,.,.,,.,,.,~l,W•"''·°',_.,,.... ..,,,., 

'~-.-11~.1 o... ,.,...,..,..,...m.11y'"'"'"''"'u
11 81tu , ,.,,., ,.,,,..,.._,1t1t.,. 1,,,.,1.,1f1Jt.,,11-..Pd 
11 0.11.................,.,..,.j),...., ......... ,...,........ 
ll l\tll)lft1.l ... ll••""' 
41 Alo': l1tl..,.1•' :0 107 I'°"''' HAM• 

MA(; NE TIC 
DEFLECTION 

~· ........ 1 ..-o1 .....1.i1-· •" •".J\1Wto•···• •""' .... .,, 
ijl (l..ty ''• .ci" •"'1'1'11~ •-k•I 

WI: SUPPL V AL.l 
SEl.t1CONOUCT01""4S. 
BOARDS, DAT A SHEETS, 
DIAGRAMS, RESISTORS 
A D CAPACITORS 

ltoe""'"'""Y ...-d. 1,,,..,,u, ultlr• ulf•~,.,,,.. 1.-ot1oft., l1.... .t A4 I""' llUl!Jl...., l"" l "'i¥ 
ll!>6 11-.....o1.,1I t11.. 1r.1\«•"'"·''"'U'"'Y'''""''~',.'"''''"'-ll..,.lu...,_lf~•· 
....,_,.,,.,,...,,.,,, .,, llw1I,..., ,..., lt.,...l.ol ,._.,,.i1.,w1>•\ll'l'•H•-!1 •ol1~••~ t... _,, 
l.<l~.._..••11.-...,,... •• _,........... _,.1....... 

Jl.,•l.U.OO ll .... lit' •f"Oltf 11111 !-l-.l•Y uto.ll,...1\ f 10 If, ~olUll"I'"" ,.., ,, 

t11111...11....,... ""''""'""'~"'tl"'"'""'hl1,. ....oct, ....fflll''f"""' ' "'~ 
•Wl l.....,•I l l"''~'t ,.1t1 1..lftlorl' •1-IW1l t<1 I'"' l 11U64 \ t11"41Y• ~<1I

SUPER UN'BEU EVABLE SORR Y, WE DO JiOT SUPPL 't 
Tt--1E CASE , BAT JEA IES ,....,,,.,,V t•1 .....1.t111 r • 1<-•""""' , ... ,.h !f'lltt •~•fl'°'.,.,, .. ' ''"' 44 J!•'I 

10~ SUPPL. Yl THE LENS 
INOT SUPPLtEDl DEPENDS 
UPON l ttE US£ 

.,................. ...... 
tXl",.ND(A Kif Wll HONL COCl CONNCCl OR S~, .00 

1,. ........ ..., ..... _ . ...... ...h:jr, ........ .. .......1 ~•·• · ... 1..... _ .... ,"""""""..' ' ' ........ ... 
•· ·n ·•,_,,.,,,,,.11 .. ,..,..,., , ,_,.._,. ,.,.,l' 

lNT EL 8080 CPU . . . S29.SO 
2518 ~4EX ~12 BIT SR S6 00 
8008 s err MICRO PROCESSING CHIP 
lw•lh 0.11 ~ Boolt: I , • • • • 519.00 
l102-1 1024 BT RAM . . S :? 00 
5202A UV Pl1.0M . . • • •••• SI 2 50 
M 16203 UV PROM . . • . . . • . . $ 12.50 
I 702A UV PROM . , • • . .. Sl2.50 
5204 4K. PROM . . , ~ • • S24.U5 
MINIAl URE MUl.Tl ·TURN TR IM POTS 
100, 500. SK, IOK, 25K, OOK , I OOK , :WCll< 
S.7Sa.rch ,,. , •.... 315100 
M\.Jll 1Tlli1N TRIM POTS Srm1l.1r to Uou11t\ 
JOIO 'itvlc 3t l6"x5'8"id 1/4". SO, 100. 
1 K, !OK , 50K ohms 

i~Jf!t~Cr1VAtto SCA·~ . J /54.00 

T0 ·18, 2'00V IA . s 1. 75 

PRINTED CIRCUIT BOARD 

4 I 2" ,fi 112" SINGLF SIDED Ei'OX'V 
BOARD I 1s·· tt\o. J.. . 1111f' 1r.: l'\t."1 t 

SOOe;, .......... , . 51S220 
VECTOR BOARD I " SPACING 
l'I s·· K G" SHEFT s1.r.o 

4 WATT IR LASER DIODE $7.95 

2N !>400 P fET •••.••• , • . S 4';) 
2N 5457 N FET S '15 
2N 4891 UJT, . , . • S .4~ 
l1S1iJ UJT , • • . , • • S ,35 
ER 900 TRIGGER DIODES ., • .. <lfSI 00 
1N 6028 PROG UJT S .65 

VE AIPAX PC BOARD 
Jt11i. hc').u cl •5 ,11 116 " i.1n(l lt! 11d~J ri;lP<' r ~·oo.-.y 
boilrrt. t1 'Y," 'IC6'i'' DRILLED tmd CTCH EU 
which w1U hold up 10 21 \ 1ngh.• 14 tJ1n IC'\ 
0 1 8. 16, 01 LSI D IP IC'i w11h lHH.~ 101 
pm•,l."r supply connL'CIOf . . . S5.25 

MV 5691 YELLOO·GREEN 
8 1Jl'OLAR LEO . • • . • $1 ,,5 

MT' P..tOTO TRANS • • S GO 
RED. YEL LOW , GREEN on 

AMBER LARGE LED's •.. 1::1. S .20 
14 PtN DIP SOCKETS . • • . . . • . $ .35 
16 PIN DIP SOCKETS • • . . • .•• S .3& 
MOLEX Pt NS .. , . . . ..• l00/S1 .00 

1000/SB.OO 
8 PIN Ml~I Dl~SQ~IS_E_TS .. ~ S ,30 
IOWA.TT Zl::.NEAS 39.4. 1, 

:soR 22v • • . ('.) s GO 
I WATT ZENEAS 4 7. S.6. IO, 12. 15, 

18 OR :2'2V I!" S 15 

PAV 1A JA 12A  56A 125A- -100 ~06- ~~=~ Ji) _ ·llll - 3 .70 
200 ~07 .20 ,.35 - I I S • 25 
400 .09 .25 .so 1 40 G.f>O 
GOO II .:io· - ,70 -1.80 -956 
800 .15 - ,~5- ·  :go 2.JO 10.SO 

1000 .20 - .4.5_ 1-•Q _ ns 1?.!"-0 

REGULATED MODULAR 
POWER SUPPLIES 

• - •!>voe AT 100111,1 
115VAC INPU1 . . . .. 52195 

5V0CAT 1A 1•SVAC INPUT S?4.95 
12 voe AT .54 . . . . S24.95 
1N~1•8c~~~~1 _:.!.....~' 1s fS1 .oo 

SILICON SOLAR CELLS 

TRANSISTOR SPECIALS 
2NJ585 NflN S1 T0-66 • • • $ .9~ 
2N3 712 NPN S• TO 3 . S 1 60 
?N4908 PNP S• T0·3 S I 00 
:>N605!J NPN S1 T0·3 o,,, l1m11un S I 30 
2NS086 PNP S1 TO 92 • • , , 4 /$ 1.00 
2N4898 PNP T0·66 . . S .GO 
2N404 PNP GE TO·!:i . . . . SIS 1.00 
2NJ9 19 NPN S1 T0 ·3 Rf , S I 50 
MPSA IJ NPNS1 T097 • . JIS I 00 
2N3167 NJ.IN S1 T0.66 • S . 10 
2N'2'7 NPN S1T0·18 . &IS 1.00 
2N305S NPN S1 TO·J . $ .SO 
2N3904 NPN S1 T0·92 SIS I .00 
2N3906 PNP St TO 92 . S S I 00 
2NS29G NPN St T0·220 • • • S 50 
2NGl09 PNP S1 re .no . . s .55 
2N3866 NPN $1 TO·S Rf ~ $ 75 
?N3Gl8 PNP $1 T0·5 51S I 00 
2NG517 NPN T0·92 $1 31S I 00 

C/MOS (DIODE CLAMPED) 
74CO? 30 4016 50 4035 1 15 
14C01 30 4011 1 10 4042 7~ 

4001 24 4018 I 20 4046 7 ?0 
4002 24 4019  50 4047 ':>O 
4006 I 20 4022 I 00 '10119 50 
4007 JO 4023  2!,i 4000 bO 
4009 !JO 4024 8!.i 4055 I 95 
40t0 50 4025 - ~J it ()G(i I 10 
40 1 l 25 4027  55 '1011 25 
401 2 75 4028 9!.i 4077 ' !, 
401 3  35 '1029 - ' 2!J 4081 2~ 
"01 5 1 10 4030 !'.If.I 4016 - I 70 

LED READOUTS 
FNO 500 .5" CC. 
HP 'J MO · J " CC 
MA.N-4 .25" C.C . 
MAN·1·.3" C.A. • ... 
Ot.74/· .G .. C.A 
NS 33·3 d•!J ;111.1y 

S1 15 
$1 40 
SI W 
Sl .25 
St.9S 
SI 35 

TANTULUM CAPACITORS Full Wave Bridges . 
HV 2A 6A 7.:> 

.22UF JSV S/Sl .00 6 sur 35v 31s1 .oo 
/ l7Uf 35V 51$1.00 3JUF 2!.JV s .40 
.aaur J5V 5 ts 1 .oo JOUF 6V &/Sl .00 
I UF J&V 51$1.00 ISOUF 20V s .50 
II 7Uf 35V 4/Sl.00 
CT?001 A.lA~~.ftLOCK; CHiil .•. $5. l!.i 

NATIONAL MOS DEVICES 
MM1402 J.20 MM5057 4 .00 
MM1403 3.20 MMSOSS 4 .95 
MM 140 4 2.50 MMS060 4 95 
MM$013 7 75 MM5QG1 "30 
MMOOIG ·3 .50 MM!.J5'.:J5 6 25 
MM5017 - d.75 MMS556 6 25 
MM5055 4 00 t.tM51 10 1 95 
MM505G - 4.00 MM!.260 - 2.9!'» 

TIL IC SERIES 
741.00 ?5 74'12 .50 74)26 90 

7400  16 7445 so 7111 SO I 00 
7401  16 7446 .90 1'11 &1 so 
"MO' ,IG 1447 S7 7'1 153 7!J 
NOJ - 20 1448 80 741 54 I.OS 
7404 20 1412 JS 7'11SS 100 
7405 22 M7J - ~•o 

741 &1 75 
7'106 .JS 74 '4 - JS 7·1161 1.00 
7407  .33 7i175 so 7<1 1()4 1 05 
740S 22 1416  .JS 74165 • 05 
7400 .25 MOO •a 74173 I 35 
7'11 0  16 7483 80 7 •1114 I 00 
7411 25 1485 - 95 Hl7S "'7411 30 7486 - 45 74171 I 00 
?413  6() 7489 2 nu ?4180 I 00 
7414  80 7400 - 51 74U;11 2 10 
i41G J3 7491 79 74190 1 1& 
7417 ]J 14n 55 14191 - 1 10 
7il2Q 16 7493 SS 7419? 7S 
7426  JS 

74911  80 74193 ns 
1427 2S 7495 so 741911 I 2S 
7430 16 

7496 73 741!~5 74 
7432 - JO 74107 J• 74196 1 10 
7437  29 74121 so 74283 - 1 50 
7438 .29 74123 70 7532-1 - I 7& 
14 11 0  18 74125 IO 75491 - GO 
i'441 82 7M92 - 60

i - MINIATURE D IP SWITCHES 

C l s ]06 4 rmn SPST SW •l clms '" .. """'" -~· ".JCTS 20(; 8 Etul11 SPST swt1t:hM •ll a 16 
111n DIP paoc:k:ige S1 75 

AT ·5- 1013·30K MJI I p.Ji f>'ll /\~r , Hnl 
Vf!"•~:il UART. SB 50 

200_ .95 125 200 
'100 ·1:1s · 1.so· Jon 
GOO 1.35 1.75 '1 .00 
CO 110 LINt'Al=I 2&6 .XI BIT SELF 
SCANNING CHARGED COUPLED 
DEVISE . . . . . . • . , ...• SI 25.00 

SAN KEN AUl)IO POWER AMPS 
S.1010 G IOWATI$ ,. , S 690 
St1020G20WATTS . . ... Sl3.95 
S.lOSOG50Y'!._Ai:_T5 ~. ! •• $~49!.l 

LINEAR CIRCUITS 
lM JOOK SV lA REGULATOR SU)() 
713 - 40 t '10VV REGULATOR • $ 54 
30 11148 H1 Pi:1 011 Amu , S 35 
J?OT S. l l. 15. QA 24V 

NEGATIVE REG . SI 35 
141A HI 1.tl I C OP AMP .• s JS 
710 COMPARATOR , , $ 31 
307 OP AMP . . . S 25 
CA :&047 H1 Pel , Qp A.1 n p , ..... S 95 
3'10T 5. G. 8 , 11. 15. 18, 2'1V POS 

BEG. TO 220 . • • . $1 .70 
101 011ER AMP, H I PERFORM . • S .75 
lM 308 Opc1 , Amp . low PG-\"lt'f SI 05 
141 DUAL 741 , . , . S 65 
556 DUAL TIMER . S ,95 
531 - t1 RECISION OP. AMP. 51 70 
540·?0\'V POWER OR1ve • S2 1!J 
LM 3900 OUAO OP AMP S il 9 
LM 3'4 0UA0741 . S1!j() 
S60 PHASE LOCK LOOP . $2 00 
SGI PHASE LOCK LOOP S2 00 
SG5 - PHASE LOCK LOOP SI 50 
566 FUNCTION GEN. S1 G!.i 
567 TONE DECODER SI 75 
LM 1310N FM STEREO 00,100, $1 75 
8038 IC VOLTAGE CONT DSC S390 
LM 370 AGC SOUELC..l AMP. , S I 1!1 
555 2~i. - 2 HR TIMER. . , S SJ 
553 OUAO ilMER • S2 50 
FCO 8 10 OPTO-ISOLATOR • S 80 
14580UAL0PAMP. 5 .5& 
LM 380 -'2W AUDIO AMP, • , $ 95 
LM 3?7 - 2W Srn•oo Aurl10 Amp . S2.SO 
LM 381  STEREO PREAMP $1 .25 
LM 382 - DUAL AUDIO PREAMP S l.25 
LM 311 HI PER. COMPARATOri . S 95 
LM 319 - Du..1 H1 SpeecJ Co1np. • . $ 1. 10 
LM 3:rJ - OUAO COMPARATOR , S1.40 

J~RV IA I OA 25A 1.5A 

100 .40 - 7Q I JO .40 
200 .70 1, 10 1 . 7~ .GO 
400 1. 10 100 700 I 00 
600 1.70 ?.~o ~ .60 

INCLUDES THE FOLLOWING 
UNIQUE FEATURES . 
FOUND IN FAA MOR E 
EXPENSIVE CAMERAS 
IF AVAllABl.e 

• 	 LQ,"j VOL 1.loGl 5\,lllPL Y 10~ 
l •t1&1hf1ll • ~ Al'~0 ' l '!o'o'OLT!o 

!>U.Stf .... ( 10 f•jr~A HEO a.5 
W[U, i\.SVl\l• ~r L•r..tiJ 

• 	 M• '¥1J.iU1.r l)JC)ktR 

SlJ"IY(l\LA~lC( ,"jlf• I "'"v Ill 

L•G..1 SDURU 
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QI 11$\1{;.,T'Wf K, .,1 4."d) 
5 ",'..ALLSr.!l 
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O•ot'NO""""•LLtL l •'. 
$Uo'GL ESr0(01.0.ti'm.S 101 "l 
WitrC..,IV".jD{"2U:O 
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CIRCLE ND. 56 ON FREE INFORMATION CARD 

MUSICAL INSTRUMENTS 

UP TO 60°0 DISCOUNT Name br and insttuments catalog. 
Freepcrt Music. J 14 N. Mahan St.. 'V Babylon. N.Y. 11704. 

WHOLESALE! Protess1onal Gu11a<s. PA Syslems. Allee 
Speakers 240W RMS Amplifiers Free Catalog . Carvin . 
Escond•do. Caltl 9W28 

BUSINESS OPPORTUNITIES 

I MADE $40.000 00 V ar by Ma11mdef 1Helped others rn.1ke 
money' Free Pr oo! To rrey Box J18-NN Yps1larH1 . 
Michigan 48197 

FREE CATALOGS Repair a11 cond111orung. refrigera11on 
Tools. supphes . run msiruct1ons Doohn. 2016 Canton 
Dallas. Te• as 75201 

MAILOROER ~ lLLIONAtRE llelps neg•nrteJS make S500 
weeklv. Ffee mp rt revents sec1et plan• Execu tive (1K71 . 
333 Norlh Michigan. Ch•ca~o 60~1 

$178 WEEKLY . Work one hOllr dmly Comoletely Guaran ~ 

teed F1ee FAS. Bo• 13703·R. San Antonio . Te•as 76213. 

FREE SECRET BOOK "2042 UNIQUE. Proven Enterpnses" 
Fabulous "Li ttle Knowns ... Wor k home! Hayl!ngs·B. Carls· 
bad. Cali!. 92008. 

m e your FREE d1sl11 butor /dea1er Elec1ron1c M1 nt · 1 
1Shack Business Plan I 
(Name I 
I A<l<Jress I 

IAUSH--------------------~--

b 1y s·~-- z,p I 
l c AMBRIDGE ELECTRONIC PRODUCTS, Dept. P•6o I 
126 Downf St. K lngaton , NY 12401 91 41331 -82261 

PIANO TUNING LEARNED QUICKLY AT HOME! Musocal 
know ledge unnecessary Free 1n torma11on . Empire 
Schoo l. Bo• 450327 . M1am1 33145 

'------------------------~ 

~~~~~~~~ 

GET RICH w•th Secret Law tha1 smashes <Jebls and brings 
you SSOO 10 S5 M1ll1on cash. Free rcporl! C<edit 4K7. 333 
Norlh Mich igan. <:h_:cago 60601 

HOW TO MAKE S2.000 WEEKLy at non1e using Other peO· 
pie's money Guarnniced Free detai ls. R1chlieu . Bo x 
25277 Oep1 F7 . Houston re,as 7700 5 

PRHri~~i~LE ONE-MAN 
ELECTRONIC FACTORY 
lnvestmenl unnecessary . knowledge not requlfed , 
sales handled by pro lessionals. Postcard brings 
tac1s aboul this unusual opportunity. Write today ! 
Bar1a -DG. Bo• 248. Walnut Creek . CA 94597. 

FREE. DETAILS 011 how to UtJt rnw S300-S3.000 en11rely by 
rna1I Write Po stal Finance Dept 6t3-07 . 60 l 8 Maple. 
Omaha. Nebraska 6nOJ 

DO -IT-YOURSELF 

rv PR08lEt~1s" Sc no s y111pto rns co py schemnm: sell 
aodrcssed-Slampeo envelorJe w1lll SJ 00 r muoleshaow• 
Bo~ ti553·P!: Downey. C31tl 90241 

MODULAR TELEPHONES no~ available Sc1s and <"Oln· 
pollen1s. cornpallble with Wes1erri Electnc concept Ca~a

1~10 cents Box 1654W. Casi.a Mesa . Cal1 fc mrn 92626 

TREASURE FINDERS 

TREASURE FINDER local s our•ed goto . Sll~er . CO H'IS. 

trnasures 6 powerfu l mo dels 1ns1an1 hnanc1rtg ava~lable 
Wrue or call fo r ftee ca1atog Phone 17 131 682-2n8 day or 
mgnt Oealer 1nqumes 1nv11ea Rc rco Depl AAZO. Bo.x 
10639. Hooslon . Texf' S 770t8 

DISCOVER true 1reasll1e hurmng w1ftl world·f.ainous oeep· 
de1ect1ng mmeral.1rt1e!al de1ec1ors l1 on'I Whites• Locate 
gotd . Sliver. nngs , t:l) 1ns . artda c1s and more • Solo . 
serviced . wC'renouseo wo rld wide Pri c: o h orn S79.50 Free 
Ca1atogt Wh1te·s Electro111 c: s . OelH P06U . 101 J Pleasanl 
Va lley Rd.. Sweet Home. OR 97386 

POPULAR ELECTRONICS 

VIDEO CAMERA KIT 
A UNIQUE ALL SOLID STATE CAMERA KIT 


FEATURING A •.. 100 x 100 BIT 

SELF SCANN ING CHARGED 


COUPLED DEVICE 


VERAS-8 MICROPROCESSOR KIT 
IS ONE OF T HE MOST ADVANCED MC U 
SYSTEMS ON THE MARKET TODAY FOR ON LY 

$159.00 
Tho\ 1lo1"' dl!p I 9; --•qJJh>t;r\"'° ' !fill "-<l •he h,,&a.•_..I 4t.u~ 

11 D1 1""'ht>••5 '""'' ' ' 1.._,11,.._._,..-ieitv 

11 f~l1011QO • •ll"l'oret'U ..h•u• ..o...: IRl)Y.•~·~l? l...i.-...-1 ....... ........ 
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CALIFORNIA companies hiring Enginee's and Techm~ 
c1ans. Current openings bullerin S3. Dynamics . Box 1867· 

PRO SPORTS ACTION FILMS K. Covina . Cali l . 91 722. 

Popular Electronics 

JULY 1976 


ADVERTISERS INDEX 


RUDER PAGE 

SERVICE NO. ADVERTISER NUMBER 


II A P Products 	 .. 16 
I Ace £1ec t1on 1cs 
2 Adya Elect ronics 
l Allison Automot"• Compan~ 

Alpha [lectrom" 
6 Altai [lect,onocs . 

66 Alt ai [lectronocs 
1 Ancr ooa Corp 
8 Ancrooa Corp 
g Antenna Speual•~l5 Co 

10 Anes. Inc . 
12 a& Producl ot Dynascan 

0abylon Electronics 
13 Browning labs 

CRfl Capi tol Rad•• £ng 1nwon g lnsl1tut e 
15 Chall•ng• [lecuomcs 

Clt\leland lnshtule ol £1ect1on1cs 
14 C<>b<a . Prod•<! of !lynascan 
16 Continental Spec1al11es. Corpmatmn 
11 CrO\ton 
65 Della El ect ron 1<s Co 
18 Delta Products. Inc 
19 01g1 ·- ey Corpo1ation 
l.O 01~1\.1\ lnterproses. Inc 
64 Dynaco 
21 Et CO 
12 [ dhe [leclrnflics Co 
2l Edmund Smnlofic C. 
24 Edmu nd Sm~nhlrc Cq 
25 flec1rar11cs TechA1cal lnstitul e 
16 Grantham S<hool of Electronocs 
l1 Hiil Cornmon.1ca !1ons. Corp 
28 Hand1c USA Inc . 

Heath Compan1 
~MS As.~oc1ates Inc 

29 lllonois Audoo 
30 lnt ernal1onal £1ectrnn1ts Unl1m1ted 
JI Ja me~ 

33 Johnson Co . £ f 
11 Labtrnnm. Inc 
J.8 	 Mcintosh Laboratory- Inc 

MITS 
35 MallOl'J Oistrobutor Produm Co 
36 Ma~m Research 
JI Mol0<ola 

NRI S<hools 
67 Na11ooal Carnm Supply 

Nat1ono1Iechmcat Schools 
39 Ne•· lone 
40 Non-Linear Syslems 
61 Non-lrnear Systems 
41 Olson £Jec1ron1ci 
42 Pathcom Inc . 
43 Pocienng & Co 
J4 Poly Paks . 
45 Pofym0<phic SySlems 

P1omsor Technology JOO 
46 Quest Electron.cs . . 
47 Radoo Shack . . . 
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Employment Info rmation Serv ice . Box 
New York 11 768 

0 	(DP017) COPPER CLAD BOARDS! 
Copper on one side. 1/16" thitk. Ex 
tellent quality lor either production 
or experimenlal work. 
Bl 4"xl6'1'1" 99~ ea. 3/$2.69 
0) 8"x16¥." $1.19 ea. 3/$2.99 
[) 6¥a" xl7 1/1" $1.19 ea . 3/$2.99 

JUST ARRIVED 
Copper on both sides. 1/16" lhitk. 
Size 12"xl8" 

O (DPOIB) $1.99 ea. 3/$4.99 

0 	 (OPl34) 8 ROTARY SWITCHES 
Some mulltple gang. $1.00 

0 	 (DPIZB) 13 MINIATURE ELEC· 
TROL YTIC CAPACITORS $1.00 
Alia! & up11ght. popular values . 

0 	 (DPl44) TRANSISTOR 
REPAIR KIT $1.19 
Va!ious parts used to repari !tans· 
istorized devices. 

0 	(DP336) T0-3 TRANSISTOR 
SOCKETS 12 lor $1.00 

0 	 (DP298) I WATT ZENERS 60• 
Available in SV, 9.IV. 12V. 20V. 

0 	 (DP164) 4 ROLLS OF WIRE $1.00 
Approx 25 ft. per roll. 20-28ga. 

0 (DPJ40) TAPE RECORDER 
SPARE PARTS KIT $2.95 
Parts for repa iring most tape record· 
ers: capacitors. meter. pilot lamp, 
jacks. and MUCH MORE. 

0 	 (OPl67) 10 MINIATURE 
POTENTIOMETERS $1.00 

0 	 (DPl82) 2 MISC. METERS $1.00 
Min ialure. 

0 	 (DPl56) 60 DISC 
CAPACITORS $1.00 
Ass!. lrom .0001 lo .I. most 600v. 
ZSU. NPO, N750. etc. 

SAVE S2.00 ON EVERY PAINT YOU BUY' NFL Football 
Follies (bloopers). Standatd a. B& W. S6.95 ea . Color. 
S17.95 ea on 200· 1eels ·12 Super Bowl (Co ..vboys1Dol 
phons 1. Supe• 8. B&W 56 95 ea . 1970 Supe• Bo,v1 (V1k
mgs1KC Ch1ets1 . Stnl"ldarO 8. B& W. $6 95 ea . WorJO Cup 
Soccer (ltalytBrazd (Peteu or (Ge rmany11ialyt. Super S. 
8& W, SG.95 ea Take advantage of 1hesc spec •ats while 
1ney last 1 '10 cents for ne . .,, Caslle c atalog , 30 cents each 
for Columbia o r Spont11e 01 de1 fo rms (coins . starnos. no 
chec ks pls1. SPORTUTE . Elcc i -7. Bo• 2• -500. Speedway. 
Indiana -l6224 

EMPLOYMENT OPPORTUNITIES 

ELECTRONICS/AV IONICS EMPLOYMENT OPPORTUN
ITIES. Report on 1obs now open Details FREE Aviation 

240E. Northport. 

MAGNETS 

MAGNETS. All types. Specials-20 disc::. or 10 bar . or 2 stick 
or B asso rted magnets. S1.00. Magnets. Box 192-H Ran
daltslown , Maryland 21133. 

MISCELLANEOUS 

WINEMAKERS: Free ol lustrated catalog yeas ts. equipment 
Semplex. Box 12276P. M inneapoli5. Minn . 55412. 

NAME YOUR BUDDY! " 1001 exciting handles." Sl plus 
stamped . addressed envelope . NAMESAKE. Box 4810. 
Maumee, Ohio 43537 

I SURPLUS TUBES 
All 	guaranteed lor 

I lull '(_ear. · 
ANY 3 FOR $1.25 

Acquued lrom U.S. Oelense depols or 
iemoved from equipment (new and 
used). These are ~boratory tested and 
guaranteed for one full year. Most are of 
such standard makes as RCA. GE. etc. 
3A3 6AQ7 6CM7 6X4 
3AF4 6AT6 60£4 IOEW7 
3BN6 6AU6 60R7 12AE7 
3DG4 6AV6 60W4 12AL5 
3KT6 6AX4 6£88 12AU7 
3Q4 6AX5 6EM7 12AV6 
4BC5 6AY3 6Gf7 12BE6 
4BN6 6BA6 6GH8 128H7 
4BU8 6BG6 6K6 18fW6 
4BZ7 6BJ8 6Kll 25L6 
5V6 6BQ6 6LB6 35EH5 
6Af4 6BZ6 6SN7 36AM3 
6AG5 6CB6 6T8 50A5 
6AG7 6CG7 6W4 50L6 
6AL5 
0 	 (DPl47) 4 lb, GRAB BAG 

SPECIAL $1.00 
full of exotic and exciting electronics 
pa rts 

0 	 (OP55) TUBE BONANZA! $1.00 
20 asst. popular tubes. untested. 

0 	(DP142) 50 PRECISION 
RESISTORS $1.00 
All I 't. l/1w and I w. low and high 
ohmages. 

0 	(DPISO) 15 Hl·FI KNOBS $1.00 
Every one superb! Purchased from 
Harmon. Kardon. fisher. etc. 

0 	 (DPl02) CALCULATOR 
KEYBOARD $2.95 
Wild Rover C-1 380. Can be used with 
CT5001. 4 lunclion, clear, clear entry 
and constant 7 cm x 9 cm. 

0 	(DPl75) 70 l /2w CARBON 
RESISTORS $1.00 
Ass!. va lues. Some 5%. 

0 	 (DP154) 150 CUT LEAD 
RESISTORS Sl.00 
Carbon. all leads long enough for 
soldering. 

0 (DP149) 20 POLYSTYRENE TOP 
GRADE CAPACITORS $1.00 

0 (DP132) 20 DUAL POTS Sl.00 

24V. C.T. FILAMENT 
I TRANSFORMER 1/2A. 

WITH lSOV. TAP.!~ 
O (DP202) 99¢ ea 6 for $4.99 

MONEY BACK GUARANTEE 
Terms: Minimum order $4.00. Include 
postage. Either full payment with order 
or 20$ deposit, balance C.O.D. 

o BONUS 
FREE CAPACITOR KIT 

With Every $5 Purchase 

0 WRITE FOR FREE 1976 
VALUE PACKED CATALOG 

Listing thousands of com_po 
nents, tubes, transistors, IC's. 
kits, test equipment. 

I 
THIS MONTH'S SPECIALS! 
m 
CJ 7400 0 7446 
0 7401 0 7447 
lJ 7402 LI 7448 
0 7403 lJ 7473 
0 7404 0 7474 
0 740S 0 7475 
0 	 7406 0 7476 
0 7410 0 7490 
0 7411 0 7492 
0 7413 0 7493 
0 7420 0 749S 
0 7430 D 74121 
0 	 7440 0 74122 
0 7442 D 74123 
LINEARS 
0 LM309K Sv I a. reg. $1.15 
0 SSS Timer 
0 5S6 Dual 555 lni 
0 566 function gen. 1.75 
0 567 Tone decoder L9S 
0 741 comp. op amp 39c 
0 2102 1024 bit RAM $4.95 
D 8038 vol! cont osc $4.25 
CLOCK CHIPS WITH DATA 
0 (MM5314) 6 dig clock $4.95 
0 CT7001 Alarm &Oale $5.95 
LED'S 
D (DP223) 10 Assl l£0s $1.00 
D (DP242) 5 Jumbo Green LEDs $1.00 
0 (OP242) 5 Med Yellow LEDs Sl.00 
0 (DPOOI) 5 Jumbo Red lEDs $1.00 
0 (DPOll) 5 Med Red LEDs Sl.00 
0 (DPOl2) 5 Mini Red LEDs $1 .00 
O (DP293) DL707 (equiv.) 7 seg 

red LED• .3" thar.. comm 
anode $1.00 

D (DP006) OL 704 (equiv.) same as 
Dl707 except comm cath $1.35 

0 (OP007) OL747 7 seg red 
LEO, .6" char., comm anode SI. 95 

0 	 (DP013) MAN 5 (equ iv.) 7 seg 
green LED.. 27 char. 
comm. anode $1.49 

IC BREADBOARDS & TERMINALS 
Boards have .042 holes. Made ol 1/16" 
polyester glass. 
0 (88663) 3" x4 " 94c 
0 (88664) 3"16" $1.29 
0 (BB665) 4" 16" $1.65 
0 (8B666) 4" 18" $2.12 
Push-in terminal s 
O ~DP6601·20) pkg 20190c 
0 DP6601·100) pkg 1001$2.98 
Pus -in flanged pins 
0 (BB6602·20) pkg 20190< 
0 <BB6602·100) pkg 100/$2.98 
Push -in Ilea cl ips 
D (BB6603·20) pkg 20190c 
D (886603-100) pkg 100/$2.98 
O (8008) 14 pin DIP sockets 3 for Sl 
0 jDP1104) IC REMOVAL AND 

NSERTION TOOL $4.95 
" Pul -n·sertic" extracts and inserts 
tCS witho ut damage. 

REED RELAYS 
0 (OP203) SPST, 12V. 1000 ohms coil 

Price 79c 
0 (DP204) DPDT, 12V. 500 ohm coil . 

Price 99c 

EDLIE ELECTRONICS, INC. 2700-DP HEMPSTEAD TPKE., LEVITTOWN, N.Y. 11756 
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LIVE IN THE WORLD 

OF TOMORROW ••. TODAY! 
 41/4" ASTRONOMICALJ ~And our FREE 164 PAGE CATALOG is packed with INCLUDED J' ~ )l.-

133'° ORTltOSCDPIC TELESCOPE 
exciting and unusual values in elec!ronic, hobby FREE EYE.PIECE: 12.Smm F.L ., 96X w/ 48"' F.L.

EYEPIECE • Objectiveand science items - plus 4,500 finds for fun, study See moon craters. rings of Saturn . double stars. 
or profit ... for every member of the family. Features f ine 11 10 mirror' (verified better than('Tll l/31/7/ I 

1110 wave with a scatter plate interferometer) to 
insure performance to theo retica l limi t of resolu~ A BETTER LIFE tion. Equatorial mount ; rack & pinion focusing; aluminum tube, 6X finder, 25mm 

F.L. 45X Kellner achromalic eyepiece & Barlow lens l o doub le and tri ple power l o 
135X. lnc ls FREE Star Chart plus 2 Books. •Pyrex.•. 
No. B5,260AV (SHPG. WT. 42 LB.) ................................$159.50 FOB 

No. B5,261AV (CLOCK OR.; 45 LB .) ...............................$199.50 FOB 


T STARTS HERE 

WORLD'S SMALLEST 

RECHARGEABLE CA LCULATOR! 
 SAVE ON DIGITAL 
Small but mighty! 8-digit , 4- function elecrronic MULTIMETERS! 
calculator doeseveryth ing big ones do-even has Get supeuor . 1°a accuracy wi th under -$200 pro
automat ic% key ... /or only $19.95. Take it any· ress10na l Elec lronu: Digi tal Multimeter compara 
where. Fits in your pocket-•1.i size of cigarette , ble to umts al $320 up! Fast, one-hand op"n. Me•· 
pack . 3'12 oz . dynamo features floating decimal. sures AC, DC vol tages from .00 I V to 750V. res1s· 
constant key. lead zero depression. more! In \ lances from lohmto 19.99megohms. Fea l s.; 31,
cludes plug-in rechargeable Ni-Cad battery pack . 2 x 3'h x•1,... with plenty of room digi t LED display: autorang1ng; autopolarity; auto. decimal: ove rload indica tor. 
for most fingers . Another Edmund fi rst with advanced technology. lncls. AC adaptor charger. N1Cd balls.. case. op. manual. 

Stock No. 1945AV ...... ... .......... .. ................... ... . . ..$19.95 Ppd. 
 No. 72, 199AV . .. (1 0V2 oz .) .................... ......$199.95Ppd. 


WITH TEMPERATURE MEAS. PROBE 

No. 72, 19BAV .. . ( c. voe. VAC , OHMS) " ... " - ... ' .... " .. ". ' .$259.95 Ppd. 


SUPER POWER FOR 
ANY AM RADIO 

ELECTRONIC DIGITALC-" a"l enna ass1s1turns a tmy transistor 1ntoa 
t iger. has pu lled 1n stations 110 to 1000· rn•les STOPWATCH: $49.95 
a vay1 Jusl se t beside ra 10 (no w1res. chps. The pnce alone obsoletes your wind-up timer and
grmmd1ng) and 'ine· tune Selccl A·Tenna's d ial i t 's - 0.002". accurate! Hand-he ld , you start. 
lo same treQuenc ·· gangb11~ t e 1 s" 1 slop, reset compact 6-ouncer w one hand: limes 
Great !or clearrng weak srgnals rn radio d oressed areas. of ·coast islands. to59mi ns. 59.9secs in l lO increments. Failsa fe 
crow ed frequency stat ions. Solid state uses no electr1c11y. balls.. tubes design (cannot be accidentally resell. solid-sla te 

electronics! lncls neckstrap. repl. balls. 
Slock No. 72 ,095AV ........... .............. . .... .. .. ... .$t5.95 Ppd. 
 No. 1671AV (5-0IGIT LEO DISPLAY ) ..... .. ........ .. .. ....... . .....S49.95 Pµd. 
ULTRA SELECT·A·TENNA SPLIT ACTION W/NICAOS, RECHARGER 

No. 72 , 147AV ('OVER 1000 Ml. ) .... , . ... ....... .... ... ... . ... . ...$22.95 Ppd. 
 No. 1669AV (5-0IGIT LED DISPLAY) .. ..................... ... ... .. .$19.!IS P11d. 


DELUXE SPLIT ACTION BATTERY MODEL 

No. 165JAV(6-DIGIT NEON DISPLAY) .. . . .. . .. . .. .......... , . ..... $1 49.95 Ppd . 


KNOW YOUR 
ALPHA FROM THETA! LOW COST 

INFRA-RED VIEWERFor greater relaxation. concentration. 1110111tor 
For In fra- red crime detection surveillance. sec 

your Alpha Th eta brainwaves w audible or vis ible urit y system alignment. l .R. detection. laser 
signal on B1osone II. Has 3 feedback modes. out · ·I check ing. ni te wild lile study, any work reQ . l .R. 
puts to mor11 tor logic signal . filter sel. feedback. de tec tion & conv. to visible spect rum. Self cont. 

scope w eve rything inc l l. R. light source. 6v orbroad sensi tivity control ; other profess1or1a1 tea l s. of S200-up uni t s. Easily aper· 12v power. 6032 1. R. converter tube. 113.5 objec · 
atcd <l- lb. portable has total brainwave monrtorong capab1hly! 2 9v tr. balleries. t ive lens, adjust. t riplet eyepiece. Provides l.6X, focuses from 10' to in finity . 

No. 1659AV (11 x 141/• -c 3"} ...................... .... ............$2B5.00 Ppd.
No. 1668 (9V2· 5% , 4'/• "I ............ ......... . ... . .. . .........$149.95 Ppd. 


WITHOUT LIGHT SOURCE
LOW COST STARTERS ' UNIT (PORTABLE) No. 166JAV •. ...... .... . ...... •...... . . ..•... • ....... •... . .....$225.00 Ppd. 

No. 7 I ,B09 AV (4 V2 · 2:Y• · 4 1/0 ....... . .... . . .. ..... . . ............$55.00 Ppd. 


SEE MUSIC IN WOW! TRPULSATING COLOR METAL DETECTOR: $69.95 
Super·sensitive t ransmitter/rece iver unit at a 

ing pleasure. le ts you modulate 3 independent 
New 3-Channel Color Organ adds lo rnus1c listen

never-befo re price, w/ feats. of $150 types. Ter
stri ngs of col0ted lamps wi t h 111lens1t y of your rific select ivi ty- 10-turn (n ot just 90' ) meta l/ 
music to create an audio '" light show.·· They flash. minera l tuner! 6" waJerproof sea rc h coi l find a 
va ry in bright ness related to mus1c·s rl1 ythm, U cent at 6•; telescoping ad just. shaft gives 44" 
pi tch , volurn.e- pulsating ligh ting perlormance to - . ~ ' ' l ~ t h.: v.· stereo ea rphone jack: all metal constr. 
music• Fully assembled & priced half l11al of Perfect ba lance & feather light , 1t inc ls 8 '"AA'" batteries. Lifet ime wa rranty! 
others. the Edmund Sound To Light Control IS a No. 80,251AV (JUST 38 OZ.!} ........... ...... ....... ... . ...... ... $69.95 Ppd. 
1ernf1c value . Plu g 1n , turn on! STARTERS' BFO CHALLENGER I (32 OZ .) 

No. 80 ,222AV (ALUMINUM CDNSTR.) .............. . ... .. . .........$39.95 Ppd . 

No. 42,J09AV .. .(ASSEM BLED) ....... . •• •• •••• • • •.. • •• • •.. .. • . ••. .$17.95 Ppd. 

No. 42,336AV ...(UNASSEMBLED) .. .. ... .... . ...... ... .... . . .... - .$13.95 Pod. 


MAl'L COUPON FOR COMPLETE & MAIL WITH CHECK OR M.O~ 

GIANT FREE r• EDMUND SCIENTIFIC co. 300 Ed=,,'""""" ••";.~,•• • , . 08007 

CATALOG! 
I 

164 PAGES. MORE THAN I
4500 UNUSUAL 

i (o,,.,11J~ 1 .:lyflew 19"l6edot•on New1Pe1?1J.. coT!!':~s~J~,;4!; ~~!:'~/t!!n ~ I 
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DiscoverThe ,.....,._Component! 
What is your First component? Is it your receiver? Your turntable? 

Your speakers? Or is it your phono cart ridge? 

We have become convinced that it really is your phono 
cartridge, even though we have been modestly advertising 
it for the past few years as your Fourth. 

Let's face it , the cartridge is that Important first point 
where the music begins, and if the stylus cannot follow its 
path accurately, no amount of expensive equipment .. . 
speakers, turntable or receiver .. . can make up the distor
tion it can produce. That is why you need a cartridge you 
can depend on. One that's the best your money can buy. 
Specifi cally, a Pickering: 
Because a Pickering cartridge has the superior abil ity to 
"move in the groove", from side to side and up and down. 
without shattering the sound of your music on your records. 

Because a Pickering cartridge possesses low frequency 
tracking ability and high frequency tracing ability (which 

Pickering calls~ '") . It picks up the highest highs 
and the lowest lows of musical tones to reveal the distinctive 
quality of each instrument. 
Because Pickering offers a broad range of cartridges to 
meet any application whether you have an automatic record 
changer, or a high quality manual turntable, a stereo, or a 
4-channel sound system. Your Hi-Fi dealer wi ll be able to 
recommend a Pickering cartridge that is just right for your 
system. 

Your stereo cartridge is the First part of your mu si c 
system. It is too important to overlook. and so is a Pickeri ng. 

For further information, see reader service card 

or write to Pickering & Co., Inc. Pf. 

De~t-~E. 101 Sunnyside Blvd., ~cl. [M ,,aii Ib[:;1 

Pfatnv1ew, N.Y. 11803 -ror thosewho can~tho difforonce" 


CI RCLE NO. 4l ON FREE INFORMATI ON CARD 



Smee you read this magazine, chances ore you already own 
a record player. If you're considering replacing it, it probably no 
longer meets your requirements. One way or another. 

For example, if your turntable operates only manually, you 
may now prefer the convenience and safety of automatic 
operation. If it already provides automatic start and stop, but 
only in sing le play, you may now wont the ability to play a series 
of records in sequence and without interruption. 

You may also be taking an expensive risk w ith your records 
every time you play them. Remember: your record collect ion 
probably costs more than the rest of your equipment combined. 
This alone should prompt you to give thought to a new turntable. 

For years, Duol 's approach hos been to bu ild every turntable 
w ith more precision than your records ore likely to need. Since we 
traditionally lead the state of the art, every Dual tonearm produces 
optimum performance from today's finest cartridges and maximum 
longevity from every record. 

This 1s as true of the least expensive Dual , the 1225,as it is 
of the CS70l . A ll Dual tonearms, for example, follow the some 
basic design pri.nciples: straight line between pivot and cartridge 
for maximum rigidity and lowest mass; dynamic balance main
tained throughout ploy; styl us pressure appl ied around the 
vertical pivot; anti-skat ing that automatically compensates for the 
inherent changes in skating during play. 

As for rumble, wow, flutter and deviation from speed 
accuracy. all are for below audibility in every Dual. (With the 
direct-drive CS70l , they are virtually unmeasurable.) 

We don't suggest that Dual is the only quality brand turntable 
avai lable. But where Dual does indeed stand alone is in the many 
years of proven reliability and durability. For example, many 
Duals that come in for servicing (usually only for lubrication and 
clean ing) ore more than ten years old . And many Dual owners 
tell us (via letters and warranty cards) that they now own their 
second Dual . .. usually for their second system. 

Dual quality comes in a variety of models: semi-automatic, 
single-ploy; fully automatic, single-play; single-play/ multi-play. 
Seven models in all as described. We think it on ly reasonably 
biased to suggest that you w ill find your next turntable among them. 

Dual 1225. Fully automatic, sin~le-play/mu l ti-ploy. Viscous damped 
cue-control, pitch-control. 10%' platter. Less than S 140, less base. 
Dual 1226, w i th cost plotter, rotating single-ploy spindle, less than $170. 
Duol 1228, with gimbolled tonearm, synchronous motor, i lluminoted 
strobe, variable tracking ang le. Less than $200. 

Duol 1249. Fully automatic, single-plqy/ multi-play. Belt drive. 
12" dynamically-balanced platter. Less than $280, less base: Fu ll size 
belt-drive models include: Dual 510, semi-<iutomat ic, less than $200; 
Dual 601 , ful ly automatic, less than $250. (Dual CS601 , with base and 
cover, less than $270.) 

Dual CS701 . Fully automatic, single-ploy. D.C. brushless, electronic 
direct drive motor; tuned anti-resonance filters. Less than $400. 
including base and cover. 

·o Products, 120 So. Columbus Ave., Mt. Vernon , N.Y. 10553,,... 
Ex<lvsove U.S. 0 151ribuhon Agoncy for Duel 
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